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PREFACE. 


1 HE Authors of Original Papers in the present Volume, 
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Constant Reader. ... 
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PREFACE. 

Of the Engravings, the Subjects are, 1. A very simple 
and perfectly safe Gen Lofcfc, by Mr: Dodd. 2. The framing 
of a Field Gate with a conridamhle Accession of Strength, 
by Mr. Waistell. 3. A Compensation Curb for a Time 
Piece, by Mr, Scot!. 5, •. Plans and Sections of the Ba- 
varian Salt Works. 7. Captain Brodie’s Method of connect- 
ing Imn Bars, and coating thetn With Lead. 8. Mr. Ratlin- 
ion's Mill for grinding Colours. P. AppartguS for grinding 
Ihdigo and other dry Materials. iO. Method of banking the 
glance of a Timfe Piece, by- Mr. Hardy. 1 1 . A Pyrometer 
for meafuring the Heat of a Furnace, by Mr. j. G. F. 
Sbhmidt. \ 2 . A ^Portable Sfiath Engine, by Mr. Murray. 
l3. Apparatus for making the GasCbui Oxide of Carbon, by 
Mr^Baruel. 14. A Topographical Plan by Mr. Churchman, 
in which the Elevations and Depressions of the Surface of 
the Earth, are by a hew Method correctly delienated. 15. 
Mr. Gregory’s Apparatus For measuring the Power of Horfes< 
1 6. The American Borer. 17. Diagram illustrative of Optics, 
by Mr. Ezekiel Walker. 18. Mr. Sepping’s Blocks for 
supporting and suspending Ships. IP. Count Rumford’s 
Apparatus for illustrating his Experiments in Proof, that the 
greatest Density of Water is higher than the freezing Point* 

20. A Valve for Steam Engines, by the Chevalier Edelcrantz. 

21. Figures and Diagrams, by Edward Pigott, Efq. to illu- 
strate the Causes of Periodical Decrease in Diminution of 
Light, in a Star in Sobiefki' Shield. 22. A Pressfot Botani- 
cal Specimens, by Mr. Harrison. 


Soho Square, London, September l, 1805 . 
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The pendulum 
of Ludlam with 
a wooden rod 
examined. 


-g ’ MR. REID ON TIME-KEEPING MACHINES. 

bring the ball again quite up to the*^ place wliere itTet out from 
when the heat was firft applied, and this with a ball of a 
moderate weight; no doubt the weight of the ball may be 
made fubfervient lo'any die of wires, 

Mr. Trough ton Whether Mr. Trough ton lias attended to thefe circuraflances, 

attended t» aVC * know n °t» but fufpeft from Jiis propoling, yet, to make 
this. fome fort of pyrometrical apparatus for the further proving 

of bis pendulums, that the complete compenfatum has not 
been fully afeertained, only in fo far as regards the calcula- 
tion of the relative expanfions of brafs and ft eel. 

The improvement of clocks* and time-keeping machines of 
every defcripl ion, more particularly tbofe defined for aftrono- 
mical purpofes, is a fubjedi that has not a little engaged my 
time and attention. 

The pendulum There is a pendulum, having a wooden rod, the conftruc- 
a^wooden'rod 1 * 1 l ‘ on °* * s deferibed with great nealnefs, perfpicuity, 

examined. and mechanical knowledge, by its author, (Mr. Ludlam, late 
an eminent profeflbr at Cambridge) in his eftays, and recom- 
mended by him, who was no mean judge, as one of the belt in 
&Iraoft every refpeft, particularly in lo far as regards the im- 
pulse from the clock taking place through the middle line or 
/ centre of the rod r to be thence communicated in the fame 

line to that of the ball, that hence no circum gyratory motion 
fhould take place. Now, although the principle let out with 
//ere, .fee ms completely adapted to prevent this fort of motion, 
it will be fouad on trial, as I did, that of all pendulums yet 
made, it i$ Jhe'moft liable to generate this very fort of motion. 

It Is liable to a The ball being the middle fruftum of a globe, a form whofe 
the baH* round * * much fptead out from the centre to the edge, and 

the rod at an having a large bole, for the rod to pals through ; this taking 
#XI *' away much of the matter from the centre, tends modi more 

than the lenticular form, to produce the motion Mr. Ludlam 
The (crews wilhed to avoid. Another great fault of this pendulum, is, 

whtch are a£ed tb a t D f putting in ferews through the wooden rod, to clip the 
on bv the crutch „ r . . , . , - , . 

do not preferve flat part ' roro the crutch ; now in changes of weather from 

a comhin: dif- moift to dry, or by heat and cold, thefe ferews will accordingly 
* ancc * be found, fometimes to pinch the flat part of the crutch, and 

at other times, to leave it at liberty, or even to allow it to 
have a coniiderable degree of (hake between the ferew points: 
hence will arife very different degrees of impulfe communicat- 
ed to the pendulum ball. Wood has a very fenfible la- 

titudinary 


the rod at an 
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MR. REX D ON Tf ME-KBEPINO MACHINES. JJ 

titadinary alteration, by the effects of heat add cold, or by bccaufe wood 
dry and moid, yet thcfe effects on its length are, rather but grainVytem^ 8 
very imperceptible, or at lead, are, in fo fmall a degree, as penture and 
have not been well afcertaftied, to what extent they are; even moifture > * c# 
by thole who have made experiments with it on the pyrometer, 

Mr. Berthood condemns wood as being unfit for pendulum The end ex pin* 
rods, and although he, and others have given tables of the fionof f wood 
expannon of various materials, yet none ot them have con* 
defeended to fay, what were the effedts of heat and cold on 
wood of any fort. 

I am well convinced, that a pendulum may be fo fitted up Wooden pen* 
with a wooden rod, as to perform with fuch a degree of cor* dulums teem 
re&nefs, that it would be a very difficult matter to fay, whether compound'pen- 
it, or the beft compenfation pendulum yet condrudled, dulums, 
when both comparatively tried, was the neared to accurate 
meafuring of time. 

There has been one circumdance attending all thofe pen* fe ut ^ 0 fe n m 
do I urns fitted up with a wooden rod, that their errors have conftrufttd* 
been imputed to the rod, when in fadt, they ought to have 
been imputed to that of the ball, and thefe errors have arifen 
from the manner by which the ball is hung on the rod, reding 
on its lower edge on the regulating nut; and lead having a 
confiderable degree of expanfion, clocks having fuch pen* 
dulums have been found, by thofe who attended properly to 
their going, to have gone condantly fader in fummer than in 
winter. Let the ball therefore be hung by its centre on the 
rod, and a much greater degree of accuracy in time-keeping 
will be feen to follow. 

In confequence of my trials with Mr. Ludiam’s pendulums, j mpT0V ^ 
they were found to be extremely troublefome to put on beat, dulum. 
from their drong tendency to this gyratory fort of motion, it 
being fome while, before they would come to move deadily ; 

I hit not only on a method of putting a clock, as it were me* 
chanically on beat, (the common way being by the ear) but was 
led to think on a way of conftrudting a pendulum, in which ' 

(bis gyratory motion could hardly take place, even although 
the pendulum fiiould be but indifferently fitted up. This lad 
was by following a method quite the reverfe to that of Mr. 

Ludlam’s, in making the pendulum ball, which I made in the 
ufoal or lenticular form, and in order that it fhould have as 
much of its matter preferved at the centre, there were two 

B 2 deal 
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Reel tvires put through the ball, pafling parallel to each other* 
and each put a little to one fide of the centre* through which 
pendulum rods are ufually made to pafs, and when the rod is 
wood* it necefjarily takes away much of the matter from the 
centre of the ball. 

A pendulum of this fort of mine* and which has a degree 
of compenfation in it, I made to a clock, which my brother 
got* and which he has at his houfe* No. 31* Rofamoti Street* 
Clerkenwell. 

I mentioned this mode of putting clocks mechanically on 
beat* to my ingenious friend* Mr. Pennington, who has fince 
very happily applied the fame fuccefsfuily in his practice to 
watches* &c. 

I fee you have mentioned in your Journal of July laft, the 
application ofa pendulum to regulate the ftriking part of docks, 

■ from the Society for encouraging Arts* 8cc. having given a 
premium for it to Mr. MafTy. 

This is not a new thing. Mr. Berthoud mentions it as his 
invention* and you will fee a drawing* and the defeription of 
it, in his Effai fur I’Horlogcrie , publifhed in 1763. Julien Le 
Roy, in my humble opinion* is certainly intilled to the merit 
of jt* as it appears to me* that Berthoud has taken the idea of 
R from Le Roy’s method of regulating the linking train of his 
repeating watches* which, he invented , and applied to them 
about the year 1754. 

There was a premium given alfo in 1799, by the honour^ 
able fociety above mentioned, for a new Tcapement by Mr. 
Goodrich*; now this Tcapement was made prior to the year 
1740* and invented by the Abbd Soumille ; and another nearly 
of the fame fort was made at Rome before that period* as may 
be feen in the collection publifhed by Thiout* in the year 
17+1. Surely nobody would think of adopting fucb a Tcape- 
ment as this* whofe principle feems to be that of depriving 
the pendulum of the molt valuable property it poiTefTes* viz* 
that of having the liberty to operate freely under the influence 
of gravitation* This Tcapement keeping the pendulum* as 
it were in leading firings* 

I am furprifed that none of the members of this honour- 
able and ufefui fociety* (hould not have known* that thefe 


f See Philof. Journal, quarto feries, III. 342* 416. 
crank. — N. 
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things for which premiums have been adjudged were not new, 
perhaps they were neverthelefs Jo, to thofe to whom the pre- 
miums were adjudged. 

Among Thioul’s colle&ion may be feen a ’fcapement, which A ’fctpement 
ne gives to the ingenious Dutertrc, about the year 172 L 
Peter Le Roy gave into the Royal Academy of Arts and 
Sciences in the year 17*27, a defeription of the fame ’fcape- 
ment which Dutertre claimed, or pretended to fay was his 
invention. The mi (lake lays with Thiout, for Dutertre’s 
’fcapement is an improvement of a very old one, ufed by the 
Germans in large clocks, perhaps long before the year J 600, r * ; 

though neither the author of it} nor the time when, can now 
be traced. 

However it was before Dr. Hook’s time, who invented one 
of the fame kind before 1658. I would not have entered fo 
minutely into this difeuffion, but to (hew the progrefs of the 
duplex, which in its prefent form, was firft made fo by Peter leading to the 
Le Roy, who afterwards gave it up for a bad one; yet it ought 
to be allowed that that of Dutertre’s mult have led him very ma <jc 

eafily to it. So much for the duplex ’fcapement, fo called by by Peter Le Roy. 
the workmen, and now in fuch general ufe. A celebrated 
Philofopher in thefupplement to the Edinburgh Encyclopedia, 
under the article watch work, has given it a French furname, 
that of Dupleix, for what reafon, I know not. 

Thiout has given alfo among the number, a ’fcapement of The origin of 
his own, a fort of detached one, and which may be confider- 
ed as the foundation of the detached one of the prefent day, ment afcribed to 
now fo much improved, and of fuch general ufe in all our ThK>ut# 
pocket and box chronometers : indeed it feeros a fcapement 
indifpenfably neceffary for thefe purpofes. Yet Berthoud in 
bis famous time-keeper, No. 8, ufed a very different one 
from that of the detached fort. 

I am. 

Sir, with much efleem, Your’s, 

THOMAS REID. 

Edinburgh, 2 5th March, 1805* 
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An Analyfis of the Magnetical Pyrites; with Remarks on fame of 
the other Sulphured of Ivon • By Charles Hatchett, 
Fjq. F. R. S, From the Philofophical TranJuSl ions for 1804. 

(Concluded from page 176.) 


$ VII. 

So far, therefore, as can be proved by fimilarity in chemical 
properties and analyfis, the magnetical pyrites is indifpulably 
a natural fulphuret, completely the fame with that which till 
now has been only known as an artificial produfl ; but, that 
the mind mfiy be perfectly fat is lied, another quefiion mu ft be 
folved, namely,, how far do they accord in receiving and re* 
taining the property of magnetifm ? common pyrites do not 
appear toaffeft the magnetic needle, or, it fomeof them (lightly 
aft by attraction, (which however I never could perceive, nor 
recoiled to have read In works exprefsly relating lomagnelifm,) 
yet they do not pofTefs, nor appear capable of acquiring, any 
Magnetic polarity. A s, therefore, the iron of pyrites is un- 
doubtedly in the metallic (late, and in a confiderable proportion, 
the deftrudtion of this charafleriftic property of metallic iron, 
hiu( 1 be aferibed to the other ingredient, fulphur. 

But we have lately feen, that a natural combination of iron 
with 36.50 or 37 per cent, of fulphur, is in pofleflion of all the 
properties fuppofed hithertoto appertain (in any marked degree) 
almoft excluftvely to the well known magnetic iron ore; and 
that the combination alluded to is ftri6Uy chemical, and not (as 
at ftrft might have been imagined) a mixture of particles of 
magnetic iron ore with common pyrites 

This is certainly very remarkable; and it induced me to exa- 
mine the effefls produced by fulphur, on the capacity of me- 
tallic iron for receiving and retaining the magnetic properties. 
I therefore prepared fome fulphuret of iron, by adding a largo 
quantity of fulphur to fine iron wire, in a moderate red heat. 


* This has been fufticiently proved, by the falls which have been 
Hated; I (hall however add, that upon digefting a mixture of the 
powder of common pyrites and iron filings in muriatic acid, I only 
obtained hydrogen gas, exactly as if I had employed the iron filings 
without the pyrites, 

Ths 
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The internal colour and liiftre of the plroduCi, were not vei*y lrt f emb l cd «>“* 
unlike thofe of the magnetical pyrites; and, after the mafs bnTm^apable 
bad been placed during a few hours between magnetical bars, of magnctifm. 

I found that it pofiefled fo ftrong a degree of polarity, as to 
attract or repel the.needle completely round Upon its pivot $ 
and although fevecal weeks have elapfed ftnce it has been re- 
moved from the magnetical bars, it ftill retains its power, with 
little diminution ; like the magnetical pyrites, however, in 
its natural (late, it is not fufficiently powerful to attract and 
lake up iron filings. . 

But this fu Ip bo ret did not contain fo much fulphur as the It contained lets 
magnetical pyrites; I therefore mixed fome of it, reduced to thc 

powder, wiib a large quantity of fulphur, and fubje&ed it to pyrites. More 
diftillation in a retort, which was at length heated until Ike 
in! ire bulb became red. 

The fulphuret, bv this operation, had affumed very much was attraftab ‘ c 
. - r r , . - by the magnet, 

the appearance of the powder of common pyrites, in refpect 

to colour ; but, in its chemical properties, lucli as foluhilrty in ' 
muriatic acid, with the production of fulphurelted hydrogen 
gas, as Well as in the nature of the precipitates it afforded with . . 
pruffiate of potafh and with ammonia, it perfectly refembled 
the magnetical pyrites. Moreover, by analyfis, it \pas found 
to confift of 35 parts of fulphur and 65 of iron ; and although 
(being in a pulverulent date) its power, as to receiving and 
retaining the magnetic property, could not foeafily be examin- 
ed, yet, by being powerfully attracted by the magnet, with 
fome other circu romances, there was every reafon to conclude, 
that in this refptCt alfo it was not inferior. 

Another proportion of fulphuret was formed, as above dc- 
fcribed ; it was placed between magnetical bars, and, in like 
manner, received. and retained the magnetic power. 

It is certain, therefore, that when a quantity of fulphur equal Hence 36 or 37 
to 35 or 37 per cent . is combined with irpn, it not only doe9 not ^ prevention 
prevent the iron from receiving the magnetic fluid, but enables from becoming a 
it to retain it, fo that the mafs ads in every refpeCt as a per- "“S 061, 
manent magnet. 

Black oxide of iron, by one operation, does not appear to Black oxide of 
eombioe with fulphur fo readily as iron filings; a feoond opera- ki™ Muriels 

tion, however, converts it into a fulphuret, very much re- readily, 
fembling that which has juft been deferibed, including the 

• • ’ t ' chemical 
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chemical as weJI as the magnetical properties; bat, undoubted* 
ly, by thefe process, it is progreflively converted, perfo&Jjr 
or aery nearly, into the metallic (late* 

Iron combined "with a larger proportion of oxygen, fucb at 
the fine gray fpecalar iron from Sweden, will net form a ful- 
pburet by the dired application of fulphur, in one operation; 
although it becomes of a dark brown colour, partly mdefoent, 
and is moderately attracted by a magnet. 

Magnetical Fifty grains of the magnetical pyrites, reduced to powder, 

pyrites and mixed with three times the weight of fulphur, were diflilled 

more o/Tulphor, retort, until the bulb became moderately red-hot. After 
(he diftillation, the pyrites weighed 54.50; consequently, -the 
addition of fulphur. was 9 per cent . making the total = 45.50 or 
46 per cent. The powder was become greenifb-yettow, very 
like that of the common pyrites: it did not afford any fulphu- 
retted hydrogen, when digefled in muriatic acid ; but it never* 
thelds was partially difTolved, and the (blutton, when examined 
by-peuftiate of potato, and by ammonia, was not different from 
that of the crude magnetical pyrites. 

The powder which had been diflilled with fulphur, and 
which had thus received an addition of 9 per cent: to its original 
quantity, teas ftiU capable of being completely taken up by a 
magnet. 

Iron cetfei to b« From the whole of the experiments which have been related, 
afted on by the it is therefore evident, that irpn, when combined with a confi- 
dofcof fulphur^ c darable proportion of fulphur, is not only Dill capable of receive 
is at Some point ing the magnetic property, but is alfo thereby enabled to retain 
between 46 and an d thus ( as j have already remarked) becomes a complete 
magnet; and it is not a little curious, that iron combined (as 
above dated) with 45 or 4 6 per cent . of fulphur, is capable of 
being taken up by a magnet, whilfl iron combined with 52 pur 
cent, or more, of fulphur, (although likewife in the metallic date,) 
does not fenfibly affcd the magnetic needle; and hence, fmaU 
as the difference may appear, there is reafon to conclude, that 
the capacity of iron for magnetic allion is dedroyed bye 
certain proportion of fulphur, the effe&s of which, although little 
if at all fenfible at 46 per cent . are yet nearly or quite abfolute, 
in this deflrudion of magnetic influence, before it amounts to, 
52. But, what the exalt intermediate proportion of fulphur 
may be, which (inadequate to produce this effed, I have not as 
yet determined by steal experiment. 

As 
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As carbon ads on foft iron, (which, although it mof! readily SuI P^» r *d* oo 
receives too magnetic influence, is unable to retain it to as to j„ caufing it to 
become a magnet, without the addition of a certain proportion* 011 ***® magnet- 
af carbon, by which it is rendered hard and brittle, or, in other 1 *®* 
words, is converted into Heel, fo, in like manner, does fulphiir 
fcetn toad; for it has been proved, by the preceding experi- 
ments, that the brittle roafs formed by the onion of a certain 
proportion of this fubftance with iron, whether by nature or by 
art, becomes capable of retaining the magnetic virtue, and of 
afting as a complete magnet. ' 

This remarkable coincidence, in the effe&s produced on iton — aad lb life e- * 
by carbon and fulphur, induced me to try the eflfeds of pbof- JJJ*^** phctf * 
pborus; and my hope of fuccefs was increkfed by the remark. * 
of Mr. Pelletier, who (ays, that “ the phofphuret of iron is 
attracted by the magnet;*' * and therefore, although certain 
bodies may be thus attra&ed, without being capable of a&ually 
becoming permanent magnets, I was defirous to examine whit 
might be the power, in this refped, of phofphuret of iron*. 

I therefore prepared a quantity of phofphuret of iron, in tbe Experiment. 

(fired way, viz. by adding phofphorus, cut into fmaH pieces, 

(be iron wire made moderately red-hot in a crucible. The ufual * * 

phenomena' took place, filch as the brilliant white flame, and the 
rapid melting of tbe iron, which, when cold, was white, with a 
(triated grain, extremely brittle, hard, and completely convert- 
ed into a phofphuret. The fragments of this were powerfully 
attraded by a magnet; and, after I had placed two or three-tif 
thebigeft pieces, during a few hours, between magnetical bars, 

I had the pleaiure to find that thefe had become powerful — and by the 

magnets, which not only attracted or repelled the needle conk- 

pletely round, but were*ab!e to take up iron filings; and fmall 

pieces, about half an inch, in length, of fine harpirchord wire; 

and, although they have now been removed from the raag* 

netical bars more than three weeks, I cannot difeover any di« 

munition of the power which had thus been communicated to 

them. 

The three inflammable fubftanees, carbon, Jhlpkur , and 
fko/phanu, which, by their chemical etifedte on iron, in many 
xefpe&s refemble each other, have now therefore been proved 

, . i 

* “ Le Phofphore de Fer eft attirable a faimant.” Annate a 4a 
Ckimit, Tome XIII. p. 114. 

alike 
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alike to poffefs the property of enabling iron to retain the 
power of raagnetifm ; but I (ball confider this more fully hr 
the following fed ion. 


General refults. 


§ VIII. 

From the whole which has been dated we find* 

1. That the fubfto nee called magnet ical pyrites which has 


Magnetic pyrites hitherto been found only in Saxony and a few other places, 
mkoexAiJ a ^° a British mineral, and that, in Caernarvonfhire, it forms a 
vein of confiderable extent, breadth, and depth, 
containing 2. That the component ingredients of it are fulphur and 
about 37 ^P^^inetallic iron; the former being in the proportion of 56.50 or 
aod 63 mm. ^ an d U>e latter about 63.50 or 63. 

It differs in its 3. That the chemical and other properties of this fubflance 
propci ties from are very different from thofe of the common martial pyrites, 
t^ch°con uins* which however arealfo com po fed of fulphur and iron, varying 
fulphur. in proportion, from 52. 15 to 54.34 of fulphur, and from 47.85 
to 45.66 of metallic iron ; the difference between the common 
pyrites which were examined being therefore 2. 19, and the mean 
proportions amounting to 53.2 4 of fulphur, and 46.75 of iron ; 
confequently,the difference between the relative proportions, in 
the competition of the magnet ical pyrites and of the common 
Pyrites, is nearly 16.74, or 16.24. 

4. That, as the magnetical pyrites agrees in analytical refults, 
as well as in all chemical and other properties, with that fuU 
phuret of iron which hitherto has been only known as an 
artificial product, there is no doubt but that it is identically the 
fame; and we may conclude, that its proportions are mod pro- 
bably fubjeded to a certain law, (a* Mr. Prouft has obferved 
in the cafe- of the artificial fulphuret,) which law, under certain 
circun 1 fiances, and efpecialiy during the natural formation of 
this fubflance in the humid way, may be fuppofed to ad in an 
almoft invariable manner. 

5. That, in the formation of common martial pyrites, there 

ritis the fulphur is a deviation from this law, and that fulphur becomes tbepre- 
psedotrunates. ingredient, which is variable in quantity, but which, by 

the prefent experiments, has not been found to exceed 54. 34 per 
cati. a proportion, however, that potfibly may be furpafledin 
other pyiites, which have .pot as yet been chemically ex- 
mu wed, 

6. That 


It is identically 
the fame as the 
artificial ful- 
phuxet. 


la common py- 
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6. Thai iron, when combined naturally or artificially with Limits of the 
35.50 or 37 of fulphur, 'is not only ftill capable of receiving the pyrltesT**" 
magnetic fluid, but is alfo rendered capable of retaining it, fo as 
to become in every refped a permanent magnet ; and the fame 
®ay, in a great meafure, be inferred refpeding iron which has 
been artificially combined with 45.50 per cent, of fulphur. 

7. That beyond this proportion of 45.50 or 46 percent . of Proportion be- 
falphur, (tn the natural common pyrites,) all fufceptibility 

h the magnetic influence appears to be deftroyed ; and, although ence is loft* 

T the precife proportion which is capable of producing this ef- 
fect, has not yet been determined by a&ual experiment, it is 
certain that the limits are between 45 .50 and 52. 1 5 ; unlefs fome 
| unknown alteration has taken place in the (late of the fulphur, 
or of the iron in the common martial pyrites. 

8. That, as carbon, when combined in a certain proportion As carbon ren- 
wilh iron, (forming flee!,) enables it to become a permanent 

roagnet, and as a certain proportion of fulphur communicates ifm, fo alfo do 

the fame quality to iron, fo alfo were found to be the efleds G f folphur and 
* - ^ phofphorus. 

phofphorus; for the phofphuret of iron, in this refped, was by 

mucb the moll powerful, at lead when confidercd com para- . 
tivdy with fulphuretof iron. 

9. And lafllv, that as carbon, fulphur, and phofphorus, pro- Condufion. 
duce, by their union with iron, many chemical effeds of much 
fimilarity, fo do each of them, when combined with that metal 

in certain proportions, not only permit it to receive, but alfo 
give it the peculiar power of retaining, the magnetica! proper- 
ties; and thus, henceforth, in addition to that carburet of iron 
^ called flee!, certain fulphurets and phofphurets of iron maybe * 
regarded as bodies peculiarly fufcgptible of flrong magnetica! 
impregnation. 

Having thus, for the greater perfpicuity, reduced the princi- 
pal fads of this Paper into a concife order, 1 (hall now make 
ibme general obfervations. 

It is undoubtedly not a little Angular, that a fubflanoe like Remarks, 
the magnetica! pyrites, which, although not common, has beeh Th . e “H®*** 5 *! 
iong known to mmeralogifts, fliould not hitherto have been tereftingprodoft, 
chemically examined, efpecially as minera logical authors have 
mentioned the analyfis of it as a defideratum. The refult of 
this which I have attempted', proves that it is really deferving 
of notice; for thus we have afeertained, that the fulphuret of 
iron hitherto known only as an artificial produli, is alfo formed 

by 
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Remarks on 
Proaft’a ex peri* 


by nature; and that the corapodliun of this lad, agrees with 
thofe proportions of the artificial fulphuret which have been 
Hated by Mr. Proud. 

But, from this fulphuret or magnetical pyrites, I have not, hy 
analyds, as yet been able to difcover any regular or immediate 
gradations into the common pyrites; for the lead proportion of 
fulphur in thefe amounted to 52. 15, and the greated proportion 
to 54.34; fo that, between the magnetical and the common 
pyrites, the difference Is confiderable, in the proportions of their 
component fubdances, as well as in their phyfical and chemical 
properties ; whilft the difference which I have hitherto teen able 
to detect in the proportions of Tome of the common pyrites 
(very didimilar in figure, luftre, colour, and hardnefs,) has 
only amounted to 2.19. 

Mr. Proud, in a general way, confiders common pyrites to 
differ from the fird fulphuret, or that compofed of 60 parts of 
fulphur and 100 of iron, (=37.50 percent J by containing a 
farther addition of half the above quantity of fulphur, or 90 
parts of fulphur and 100 of iron, (=47.36 per cent,) but this 
opinion he appears to have formed, in confequence of refults 
obtained by fynlhetical experiments made in the dry way.— 
Now, when we condder how difficult it is to regulate the high 
degrees of temperature, and what a numerous chain of altera- 
tions in the relative order of affinities rood commonly refult 
from alterations in thefe degrees of heat, it feems to me that 
we cannot rely, with abfolute certainty, on fynlhetical experi- 
ments made in the above way, unlefs they are corrected, and 
contraded with analytical experiments made on the fame Tub* 
dances. But it does not appear, from the two memoirs pub- 
liffied by Mr. Proud, to which I have fo frequently alluded, 
that that gentleman did more, in refped to analyds, than didil 
the cubic and dodecaedral pyrites found near Soria, from which 
he obtained about 20 per cent . of fulphur ; and, having ob- 
ferved that the redduum poffeffed the properties of the fulphu- 
ret which has been commonly prepared in laboratories, he con- 
cluded that the fulphur obtained from the pyrites, is tbeexcefs 
pf that proportion which is requidte to form the fulphuret, the 
proportions of which, therefore, he by fyntheds afcertained to 
be, as I have above dated, =» 37,50 of fulphur, and 62.50 of 
iron, or 60 of fulphur combined with 100 of iron; and ladly, 
having formed 3 IS grains of Urn fulphuret from 200 grains of 
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iron filings, be diddled the fulpharet with an additional quan-# 
tity of fulphur, in an inferior degree of heat, and obtained 
378 grains of a fubdance which, excepting denfity, was firaU 
fax to the common martial pyrites.* 

It is however to be regretted, that Mr. Proud did not make He <K4notmike 
t regular analyfis of the pyrites >f Soria, and of the refiduum 
after dift illation ; for(nnlefs thefe pyrites are very different from 
thofe which I have examined) he would rood probably have 
found the proportion of fulphur greater than that which he has 
aligned to natural pyrites in general. This at lead there is great 
reafon to fuppofe, if we allow that mod or all of the pyrites 
have been formed in the humid way, by which, we may con- 
ceive, a larger proportion of fulphur may be introduced into 
the compound, than can take place in high d^rees of tem- 
perature. And this opinion is corroborated by the refults of 
my analyfes; for, indead of finding the general proportions to 
be +7 ~36 of fulphur and 52.64* of iron, the mean refult of thefe 
analyfes is very nearly the reverfe, being 53.24 of fulphur and 
46.76 of iron. 

Mr. Proud isalfo of opinion, that the pyrites which contain Prouft appre- 

the fmalled quantity of fulphur, are thofe which are mod liable h . cnd i t h* ,>y ~ u 

to vitriol i zation ; and, on the contrary, that thofe which contain leaft fulphur ire 

the larged proportion, are the lead affected by the air or ta 
.i — . . . r . . , n ~ * ntrioliitttoo i 

weather. f This opinion of the learned profeflor, by no means 

accords with fuch obfervations as I have been able to make ; for 

the cubic, dodecaedral, and other regularly crydallized pyrites, 

are liable to oxidizement, fo as to become what are called 

hepatic iron ores, but not to vitriolization; whild the radiated 

pyrites (at lead thofe of this country) are by much the mod 

febjed to the latter effed; and therefore, as the refults of the 

preceding analyfes (how that the crydallized pyrites contain 

iefs fulphur than the radiated pyrites, I might be induced to 

adopt the contrary opinion. But I am inclined to attribute the 

•ffed of vitriolization obferved in fome of the pyrites, not fo 

ouch to the proportion, as to the date of the fulphur in the 

compound; for I much fufped, that a predifpofition to vitrio-Bat this 

lization, in thefe pyrites, is produced by a fmall portion of oxygen ^aWy ar!f« frum 

being previoufly combined with a part, or with the general mad, a commence- 
ment of oxide- 

• Journal de Pbyfiqut* Tome LIV. p. 92. tw,# 

f Journal dr Pbj/iqiu, Tome LIII. p. 91. 
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of the fulphur, at the time of the original formation of thefe 
fubtfances, fo that the (late of the fulphur is lending to that of 
aside* and thus the acceffion of a farther addition of oxygen 
becomes facilitated. We have an example of fimilar effects in 
pbofphorus, when (as is commonly faid) It is half burned* for 
the purpofe of preparing the phofphorus bottles; and the pro- 
penfity to vitrioliaation, obferved in many of the half-roafted 
fulphureous ores, appears to me to arife from this caufe, rather 
than from the mere diminution of the original proportion of 
fulphur, or the altual immediate converfion of part of it into 
fulphuric acid ; neverthelefs, I offer this opinion, at prefent, 
only as a probable conjecture, which may be invefligated by 
future experiments andobfervations. 

The roagnetScal The magnetical properties of the fulphuret of iron which 
Fulphuret ^ oril,s principal fubjelt of this Paper, mult be regarded as a 
remarkable fad, remarkable fall ; for I have not found, in the various publica- 
tions on magnelifm which I have had the means of confuting, 
even the moll remote hint, that iron when combined with ful- 
phur, is poffeffed of the power of receiving and retaining the 
magnetic fluid; and, judging by the properties of common 
pyrites, we might have fuppofed that fulphur annihilated this 
power in iron, as indeed feems to have been the opinion of 
mineralogies, who have never enumerated magnetical attrac- 
tion amongft the phyfical properties of thofe bodies; and, 
although Werner, Widenmann, Emmerling, and Brochant, 
little or fcarcely have arranged the magnetical pyrites with the fulphuret* of 
noticed. Iron, y e t the magnetical property could not with certainty be 

dated as inherent in the fulphuret, for, at that time, this fub- 
ftance had not been fobjelted to a regular chemical analyfis, 
and the magnetical property might therefore be fufpeHed to 
* arife from interfperled particles of the common magnetical iron 
ore. This probably has been the opinion of the Abbl Hatty ; 
for, in hisextenfive Treatife on Mineralogy lately publilhed, I 
cannot find any mention made of the magnetical pyrites, either 
amongftthe fulphurets or amongft the other ores of iron. 

The magnet faid In the mineral kingdom, a great variety of fubftances, and 

to confift of iron eyen p oroe 0 p g ems exert a feeble degree of attra&ion on 

with 10 to 20 ° 

oaigen. the magnetic needle, and fometimes alio acquire a (light degree 

of polarity ; * but, as this wonderful property has only been 
0 Cay&llo on.Magnetifm, page 73 . 

obferved 
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ohferved conlpicuotifly J**werful in one fpecies of item ore, this 
ba« been always emphatically called the Magnet, * and is faid 
to confift of metallic iron combined with from 10 to 20 per 
rent, of oxygen. 

From the fafis, however, which have been recently dated, The fulphere* 
we now tind that there is another natural fobdance, apparently ©/nu^uec. 
very different from the magnet in chemical compaction, bat 
neverthelefs approaching very nearly to it in power, which is 
found in feveral parts of our globe, and particularly in a pro- 
vince of this kingdom, where it condilutes a vein, running 
north and fouth, of a coniiderable extent, and feveral yards in 
-width and thicknefs. 

From the experiments alfo, which have been made on the The phofplun* 
artificial preparation of this fubftance, we find, that it is capable cU 
of receiving the magnetic properties when the proportion of 
falpbur amounts to 37 per cent . and is dill powerfully attra&ed 
when a much larger quantity of fulphur is prefent. There 
is, however, fome point at which all thefe effects ceafe, and 
this point appears to be, when the fulphur is in fome proportion 
between 4*5 or 46 and 52 per cent . The preceding experiments 
have alfo proved, that iron when combined with phofphorus, 
like wife poflefTes the power of becoming a magnet to a very 
remarkable degree; and, by the fimilarity, in this refpect, of the 
carburet of iron called fteel, to the above fulphuret and phof- 
phuret, a very remarkable analogy is ellablilhed between the 
effects produced on iron, by carbon, fulphur, and phofpko- 
ms. 

Carbon, when combined in a very large proportion with iron, of carburets. 
Forms the carburet of that metal called plumbago ; a brittle P lun * a jB° “ 
fubftance. infoluble in muriatic acid, and deditute of magne-o^g,. ^ 
tical properties. But, fmaller proportions of carbon, with the pounds form pow- 
fame metal, conditute the various carburets included between*** 111 rTW S nct: " 
black cad iron and foft cad fteel bodies which are more or 

left 

* In a future Paper, it is my intention to give an account af 
lome comparative analyfes of the varieties of this fuhdance. 

f “ When the carbon exceeds, the compound is carburet of iron 
c( or plumbago : when the iron exceeds, the compound iv dee 1, or 

cad iron, in various dates, according to the proportion. All 
4t thefe compounds may be confidered as fubcarburcts of iron/'— 

Tbomfcn’s Syftcm of Chemiftry, Vol. I. p. 165. 
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left brittle, foluble in muriatic acid, and more or lefs fufcepiibfa 
of magnetical impregnation; fome of them form the moil 
powerful magnets hitherto difcovered. 

Sulphur, in like manner, combines with iron in a large pro* 
portion, forming the common pyrites, which are brittle, almofl 
or quite infoluble in muriatic acid, and devoid of magnetical 
properties. Sulphur in fmaller proportions, forms fulphurets 
which are alfo brittle, but are foluble in muriatic acid, and 
ftrongiy fufceptible of magnetical impregnation. 

* Phofphorus alfo, when combined with iron, makes it brittle, 
and enables it powerfully to receive and retain the magnetical 
properties; fo that, coniidering the great fimilarity which pre- 
vails in other refpelh, it may not feem rath to conclude, that 
phofphorus (like carbon and fulphurj when combined with 
iron in a very large proportion, may form a fubftance incapable 
of becoming magnetical, although, in fmaller proportion, (as 
we have feen,) it conftitutes compounds which are not only 
capable of receiving, but alfo of retaining, the magnetical pro* 
perties, even fo far as, in fome cafes, to feem likely to form 
magnets of great power ; and, fpeaking generally of the car* 
burets, fulphurets, and phofphuretsof iron, I have no doubt bat 
that, by accurate experiments, we (hall find that a certain pro** 
portion of the ingredients of each, conftitutes a maximum in the 
magnetical power of thefe three bodies. When this maximum 
has been afcertained, it would be proper to compare the relative 
magnetical power of fteel (which hitherto has alone been em« 

Mr. Mother, in the following Table, exhibits the proportion of 
charcoal which di Appeared, during the conversion of iron to the 
different varieties of fubcarburet known in commerce. 

Refult. 

• Soft caft flee?. 

- Common caft fteel. 

- The fame, but harder. 

• The fame, too hard for drawing, 

- White caft iron. 

- Mottled caft iron. v 

• Black caft iron. 

« When the carbon amounts to about ^ of the whole mafs, the 
« hardnefs is at the maximum.” Thomfon, Vol. I. p. 166; and 
Phil. Magazine, Vol. XIII. pp. 142 and 14*. 

ployed . 


“ Charcoal abforbed. 

i 

TTZ * 


TUT? * 

i 

IPS * 
* 

TV 
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ployed to form artificial magnets) with that of fulphuret and 
phofpharet of iron; each being firfl examined in the form of a 
fingle mafs or bar of equal weight, and afterwards in the (late 
of compound magnets, formed like the large horfe-thoe mag- 
nets, by thefeparate arrangement of an equal number of bars 
of the fame fubftance in a box of brafs. 

The effe&s of the above compound magnets fliould then be An ettenflTe 
tried againfl others, compofed of bars of the three different 
fubdances, various in number, and in the mode of arrange- and importance, 
ment; and, laftly, it would be interefting to make a feries of 
experiments on chemical compounds, formed by uniting differ- 
ent proportions of carbon, fulphur, and phofphorus, with one 
and the fame mafs of iron. Thefe quadruple compounds* 
which, according to the modern chemical nomenclature, may 
be called carburo-fulphuro phofphurets, or phofphuro-fulphuro- 
carburets, 8ic. of iron, are as yet unknown as to their chemi- 
cal properties, and may alfo, by the invedigation of their mag- 
netical properties, afford fome curious refults. At any rate, 
an unexplored field of extend ve refearch appears to be opened* 
which poflibly may furnifli important additions to thehidoryof 
magnetifm, a branch of fcience which of Jate years has been 
but little augmented, and which, amidfl the prefent rapid pro- 
grefs of human knowledge, remains immerfed in confiderable 
obfeurity. 


ni. 


Extra# cf a Memoir of Mr. Erm ah, entitled Obfirtation t and. 

Doubts concerning Atmofphcric Electricity . 

(Concluded from p. 300, Vol* X.) % 

Av de&rometer fumifhed with a rod three feet in length, Two rie&rome- 
acd placed in the open air, does not (hew any divergence; but 
when the bent point of another ele&romeler, which alfo ex- vergence alone, 
^ibits no divergence, is moved above the firft, and even when ^ cw lt "** en 
the motion is parallel to the horbson, the leaves of the latter above the other, 
will be feen to diverge negatively, without the fecond giving 
any fign of ele&ricity. 

It is very probable that the effect of thefe vapourous and This effed pro- 
aqueous meteorological marffes is manifefted at the points of the trona 

Vqi. XL— May, 1805, C electrometer, the eiiaikity! 
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ele&rometer, by this fame action, which depends on the divifion 
of the electricity, and this explains the fudden changes which 
fupervene in (he pofitive or negative eledtric ftate of the earth ; 
it is not even probable that the clouds pofTefs in themfelves a 
negative electricity, or that the vapours of water fhould be 
The pofitive or always in this hate. Mr. Erman thinks he can prove that the 
negative date of va p 0 urs of water are only negative when the body from which 
depends on in- they proceed is infulated ; but that they become pofitive as loon 
filiation. as ^ i s brought into contaCt with the earth. Rain, after its fall* 
leaves bodies in the fiate of minus electricity, which is agreeable 
toihe preceding experiment*; fnow produces this effeCt fo 
much the belter, as it leaves the furrounding air in a (late of 
drynefs, which augments its infulating properties. 

Influence of the The clouds which have a tendency to rain or fnow rouft ne- 
doud* on the ceflarily produce their influence on the ground, and it is for this 
eart ^ 1 * reafon that the oppofition of the cloud and the ground is fo 

quickly manifefled. It would be interefling to explain the 
complication ariling from the variations which the eleClricity 
of the earth undergoes, as well with refpett to its fpecies 
as to its intenlitv, and Mr. Erman is at prefent engaged in this 
fubject. 

The different With refpeCt to the variable degree of the pofitive divergence 
phenomena of 0 f an infulated point fixed in the earth, it may perhaps be at- 
o/anTnfuUted tributed to the greater or lefs conducing quality of the fur- 
point explained rounding air: the point, when it is very well infulated from 
by the fame law. ear th, (hows a certain degree of pofitive charge when the 
air is infulated fo that elr&ricity cannot be communicated to 
it ; it {hows zero when the conducting power of the air is near- 
ly equal to the rapidity with which the charge is made ; and 
negative when this power is very ftrong. Thefe phenomena 
are thus explained by the fame law. 

Probability that Mr. Erman has alfo fuppofed in his memoir that there is not 
there is no free an y quantity of eleCtricily difengaged in the atmofphere ; but 
at^^hcrc. 11 *** he does not however aflert that this is ftri&ly the cafe : he has 
only fought to draw the attention of philofophers to this fubje&, 
and to Ihow that thefe phenomena are equally well explained 
by the fphere of activity of the electricity. 

Convenience of The experiments are very ealily made, and the ele&rometers 
theinftruments.be ufes are very portable; for when the leaves of gold are 
placed on one fide of the cylinder, motion cannot occafion 
any accident. With refpett to the flicks, they may be made qf 

feverai 
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federal pieces, and be ferewed together when they are Wanted. 

Such were the inftruroents Mr. Erman took with him over fe* 
veral hundred leagues ; the flick was three lines in diameter 
at one end, and one line at the other. This'philofopher does 
not yet know what may be the influence of the different thick* 
nefs of the conductor. One of thefe conductors happened to 
be of brafs, the other of fleet j it did not appear to him that 
the difference of the metal occafioned any in the refults. But 
he pnrpofes making new enquiries on this fubjeCt. 

Mr. Erman offers his conclufions with great diffidence: he 
does not pretend to have formed a new theory, but only to flate 
his doubts on the opinion of tbofe philofophers who have attri* 
buted the phenomena hitherto obferved to a difengaged elec* 
tricity in the atmofphere. He notices feveral other interefling 
experiments which he is employed in making upon fmoke, and 
particularly on electricity in a vacuum. We (hall haflen 
to publifh the refulls of them a^ foon as they come to band* 

IV. 

Dcjcriplion qf a Compenfation Curb . By Mr. James Scott. 

To Mr. NICHOLSON. 

SIR, 

Inclosed i fend you a (ketch of an infltument I have Introdu&ory 
conflruCled, much wanted in the profeflion of watchmaking, ,etten 
for the purpofe of publifhing in your Philofophical Journal, 
which I prefume will be of much benefit to the public, and 
at the fame time may prevent any other perfon from claiming it. 

I (hall call it a compenfation curb. The conflru&ion of 
this inflrument is for the purpofe of expanding and contracting 
i o the different temperatures, fo as to counteract the errot 
which the pendulum~fpring is liable to by the fmallefl variation 
of heat or cold. 

The inventions that have hitherto been put iti practice for 
the fame purpofe, I beg leave to make a few remarks on*— 

The compound balance, when carefully made and adjufled, 
is certainly a very complete counteracting expanfion, and will 
anfwer exceedingly well on board a (hip, if there be no raa* 
terra] difference in the denfity of the air ; if other wile, the bu« 

C 2 lance 
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lance being loaded, will have to encounter a 'confiderabfo 
deal more fri&ian, and confequently be impeded in its vibra- 
tions : if worn in the pocket, it is aifo liable to error, as ex- 
ercife will alter its diameter. The compound balance hat 
heretofore got the preference, becaufe artitts have not been 
able to invent a compenfation curb adjuftable to the <xa& ex* 
pan Hon required (which, by many experiments, I have proved 
the inclofed to be fully competent to) ; therefore, the plain ba*> 
lance having no proje&ions on the furfece, mud cehaioly have 
the advantage. As I am not in the babk of expreffing my 
ideas to Ike public, I hope you will have the goodnefo to rec* 
tify any errors in the fiile, and aifo curtail any pari which may 
appear unneceflary to you. 


I remain, Sir, 


Your much obliged humble fervant, 

JAMES SCOTT. 


39, Grafton Street Dublin . 


The following is a Defcription of the Compenjution Curb . 

Defcription of The fteel index, PL //. Fig . 2, letter A, is for the purpofe of 
fopporting the cu rb, which is (aliened by a fcrew and fteady pin 
at R, the circle of which at A is turned with a dovetail, as (hewn 
at H, and is (lit fo as to fnap into the frame-plate, by which 
means it may be turned, and will carry the curb, fo as to ra- 
gulate the machine in the common way. D and E are two 
circles compofed of brafs and (leel foldered together, the oul- 
fide of E brafs and the infide fteel ; but the outfide of D is 
fteel and the infide brafs ; fo that the one circle expands when 
the other contrails ; by which means the ailing part of the 
curb at C will (hift towards the index with heat, and prevent 
the vibrations being (lower, which the ex pan fi on of P, the 
regulating fpring and the balance, would other wife occafion ; 
and on the contrary with cold, it will fhi& its pofition nearer 
the (tud I, which the regulating fpring is pinned to ; fo that 
let it receive heat or cold, the ailing part of the curb at C 
will at all times keep the regulating fpring the exad length, 
to counlerad the expanfion of the balance and pendulum- 
fpring. V is a piece of fteel, with a notch cut in it to receive 
the expanfion circles D and E. F is a fcrew for fattening 
V at any part of the circles; fo that, by (loving the watch, 
5 you 
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you will immediately afcertain towards what part of fhe circles Deicriptaon of a 
▼on mutt (hift V. If you find its rate flow with heat, you 
inoft (hift V to lengthen your circles, and if faft, the contrary ; 
and by marking your circles each time you have occafion to 
drift V, yon will be enabled to adjuft the curb to the exa£t 
expansion required. W is a loofe piece of fteel, which fits 
in the notch of V between the two exphnfion circles, to keep 
them faft in their proper positions when ferewed by F. S 9 
are two fteady pins made faft in the frame-plate, which re- 
ceive the circle £ between them to prevent the aftion of P, 
the regulating fpring, from affe&ing C, the curb, by moving 
it to or from the center during the going of the watch. The 
twoexpanfion circles require to be made very delicate; it is 
therefore to be ohferved by the manufacturer of this inftrument, 
that the brafs in each circle is to be .the thicknefs of the flee! ; 
fo that when the two bodies are foldered together, they will 
make two ihicknelles of the edge of a main-fpring of a watch. 

The larger your watch will admit the diameter of the curb, 
the belter. It muft be at leaft the fize of the balance. 


V. 


Utter from Mr. Boswell, in Anfxer to An Old Corre- 
spondent. 

To Mr. NICHOLSON. 


SIR, April 10, 1805. 

*T HE perfon figning^our Old Correjpondent , has thrown fome Mr. Bofwdl 

very undeferved reflections on my laft communication in your hm !r 

. J , t J fclf from conn- 

Journal. dence. 

In anfwer to his remarks, I beg leave to obferve that the 
fotrodudion to my paper contains fufficient to juftify me fully 
from his imputations. 

1 have there aliened no more than that “ I have difeovered 
u a method of commg fo near the truth, that fliould it turn 
u out lobe in realit/ not fo exatt as appears to me, yet it pro- 
M »ifes to be fo ufeful for common computations that I am 
“ induced to fend it for publication, if you approve of it ” 

1 know 
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His methods 
were dated ae 
nearly approach- 
ing the true*. 


Hone of the 
quadratures of 
th? circle are 
more than aj»- 
pc oxidations. 


I know not. Sir, how I could have written in any way 
farther from “ announcing my difeovery with confidence” 
than the above, or indeed with more diffidence. 

n the firft place, I Hate it only as a near approach to the 
exalt truth, which both your and his criticifms have fully 
proved it to be : In the next place, I exprefs my doubt of 
its being even fo cxa& as it appears to me : And thirdly, I 
have left its publication to depend on your approbation. 

If this is not enough to remove all fufpicion of confidence, 

I have to add, that the fenlence which concludes that fubjeft 
in the paper, Hates, that an unperceived error might arife 
from the fmallnefs of the circles which I ufed; and betides 
this you can teftify for me, that I withed the paper to be fup- 
prefled altogether before publication, when you (hewed me 
that it even wanted an hundredth part of being exalt, though 
with a much greater inaccuracy the matter contained in it 
would be ufeful for the purpofes to which I Hated it might 
be applied. 

As to the proof of the fccond it wa3 not from the 
“ conviction of its obvious accuracy not requiring proof” 
that I did not infer! any, but becaufe I concluded it mu ft be 
fufficiently obvious after what I had ftaled of the firft, that it 
was the fame fort of experimented proof I had ufed for both : 
And if any gentleman will try the experiment as 1 did, h<j 
* Will find I have not misdated the matter. 

There may indeed be fome little impropriety in ufing the 
word fa£t in a popular fenfe, in any thing like a mathema- 
tical ft ale men! ; but to notice fuch a trifle with inverted 
commas, only appears to indicate a fpirit of cavilling on the 
part of your Old Correfpondent. 

but with all his precifion he has forgot one fait, that put* 
bis computations more on a level with my experiments, which 
is, that no method has ever yet been difeovered of computing 
with perfect exa&ncfi the relative proportions of the circum- 
ference to the diameter, and of coqrfe to the other lines he 
mentions ; and that it is only a far-laboured approximation to 
the truth that has been inferted in the work from whence he 
has extradled the proportions which he has ufed; and that 
therefore what he has “ announced with fo much confi- 
r* dence,” (to ufe his own words) is not prepifely demon Hra- 
live truth, but only an approach to iu 
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I did not ever inlend to recommend my method as a pqrfe&Mr. B.’i me- 

• r h i •. .. thods have prac- 

and infallible geometrical problem applicable lo the more t - ica | utility. 

foblime mathematical fpeculaiions, but as a more ready, and. 

permit me to add. more exad way than that in general ufe, 

for the humbler purpofes of common life, fuch as meafuring 

wand timber, cooduit pipes, engine cylinders. &c. 

I am. &c. 

J. WHITLEY BOSWELL. 


VI. 

Defer ipiion of au improved Gate for Fields . By Mr . Charles 
Wajstell *. 

Dear Sir. 

The various methods ufed in bracing common gates for 

fields, prove that not one of them is greatly fuperior to the 

reft; for, if it was, that method would have been generally 

adopted. Mod gates arc loaded with fuperfluous timber in Imperfe£lions of 

forae of their parts, and are conftruded upon fuch bad princi- comaion 

pies, that they are frequently broken by their own weight, 

aided by the concuilion of the head againft the falling-poft; 

and this, long before any part of the wood has begun lo decay. 

I have for fome time given this fubjed conliderable attention, 
being imprefled with the idea, that if common gates could be Great fiving in 
conftruded with lefs timber, and upon better principles, the ^™ r ^made h |eir* 
faving of timber only would be of national importance; for cumberfome. 
we have many millions of gates to uphold in Britain, and 
their numbers are annually increafing. The refult of my la- 
bours has been the plan which accompanies this letter. Gates New P lan * 
made according to it, poflefs great ftrength, are very light, and 
of eafy and fimple conftrudion. Although uniformity of ap- 
pearance be not eflential in a common gate, yet is worth having 
when it can be obtained, as in this gale, without additional 
expenfe. 

My gate is made with fliort, and confequently !efs valuable. Account of tFe 
oakorath limber, than thofe'of the coramoneft conftrudion ; its aut ^ or ’ 5 im ~ 

n • - prQVCmCUU. 

ftrength is much greater than any other gate made with a like 

• Communicated in a letter to Charles Taylor, Ei*q. Secretary 
of the Society of Ai?s, who returned their thanks for the fame. 

VoLXXIL H04. 
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qoarftity if timber, there being it four diftant points between 
the head and the heel, two barsmda brace cr offing each other: 
and I doubt not that it will be found proportionably lore du- 
rable : it is, befides, very eafy to conftrud, and requires lets 
labour than raoft other common gates* Twenty-nine years ago 
I defigned plans for ornamental gates, with femi-ovai and fcini* 
circular braces, and had them executed ; the plans were fenC 
to my friends in various diftant parts of this kingdom, as alfo 
to Ireland ; and I have the plea fare to obferve, that they are 
become almoft the only ornamental gate in many parts of 
England, The plans of them ( never publilhed, although they 
were prepared for engraving fifteen years ago; and I (bould 
be as indifferent about my prefent defign, of a common field 
gate, if I did not conceive that its publication would materially 
benefit the public ; the introduction of this form being, I con- 
ceive, of fome national importance, as timber has been lately 
greatly enhanced in price, and is rapidly on the advance. 

This gate was defigned for the approach to a country refi- 
dence; but for common purpofes, the wicket on one hand, 
and the (hort length of rails on the other, may be omitted. I 
ihall thank you, if you will have the goodnefs to lay my plan 
before your refpeCtable Society, of which I have, for many 
years, had the honour to be a member. And (bould this plan 
be approved of, I may probably furnifh fome defigns for park 
gates on an improved conduction. 

I am. Dear Sir, 

Your very humble Servant, 

CHARLES WAISTELL. 

March 1803. 

Mr, Charles Taylor. 

Reference to the Engraving rf Mr. WaiJlclVs Gate* 
Dimensions. — (Plate 11. Fig . l.J 
The heel of the gate to be about ?£ inches fquare. 

The head of ditto - - by 3 inches. 

The top rail or bar - - S\ by If inches. 

The bottom bar - - by J \ inches. 

The bar in the middle of the gale 5 by \\ inches. 

The other bars, and the 4 braces 2\ by inches. 

Qbjtrvutions 


Befcription and 
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the new con- 
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Objcrvatians on its Confer uft ion. 

The head and heel of Che gate may be of oak, and (he ban Defer! prion uni 
and braces of fir. Narrow and thick bars, when braced as in 

me new con- 

this defign, are fironger than broad and thin ones, containing ftraaeS fieU- 

the hae quantity of timber, and they alfo oppofe a left far face 8att * 

to the wind. The two points in the heel of the gate, to which 

the thimbles are fattened, may be confidered as firm or fixed 

points. From thgfe points, viz. 1 and 2, two braces to pro- 

ceed to 4 and 3, in the middle of the bottom and top bars, and 

being there fee u red, thefe become fixed points, and from thefe 

two points, viz. 4 and 3, two braced proceed to 5 and 6, 

fixing thofe points. The gate is thus doubly braced, viz. from 

the top of the heel to the top of the head, by means of the 

braces 1, 4, and 4, 5 ; and from the bottom of the heel to the 

bottom of the head, by means of the braces 2, 3, and 3, 6. 

On each fide of the gate are two braces, and thole parallel 
to each other. The brace proceeding from the bottom of (be 
heel of the gate, and that which is parallel to it, as alfo the 
bottom bar, are all firained in the w ay of coroprefiion, and 
the brace proceeding from the top of the heel, and the other 
brace which is parallel to it, and alfo the top bar, are all ttratn- 
sd in the way of extenfion. The drains in this gate being none 
of them tranverfe, but all longitudinal, it would fupport a 
vafi weight at its head without having its form altered. The 
braces all ferve the double purpofe of keeping the gate in its 
true form, and of (hortening the bearings of the bars, and 
ilrengtbening them. Few gates have lefs limber in their 
braces; and perhaps in no other way can a gate be (o firmly 
braced with fo fmall a quantity of timber. 

At 3, 4, 7, and 8, two braces and a bar of the gate are 
firmly ferewed together by means of iron pins and ferew nuts. 

At the other points, where only one brace crofies a bar, common 
gate-nails are ufed. 

If, in fome cafes, a ftrong top-bar be wanted, to refill the 
prefiure of heavy cattle, a bar or board, about fix inches broad, 
and one inch thick, may be laid with its broad fide upon the 
top bar, and fixed thereto by means of the ends of the braces 
in the middle, and by the heel and head of the gate at the two 
ends of it. This board will, in this pofition, refill exa&ly the 

i amt 
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Particular de- 
scription of the 
method of hang* 
ing a g3te. 


Me prefTure as a (hick (op bar, three inches broad, by four 
wcfee* deep, although it contain no more than half the 
teib er. 

In the ground plan, or horizontal fed ion, Fig, 7. reprefcnts- 
a piece of wood, about four inches cube, pinned to the 
felling pod, a little below the catch, to (top the gate from 
Twinging beyond the pod t another Hop near the ground may 
be ufeful. 

When gates are hung to open one way only, their heels and 
heads generally red againd the hanging and falling pods; 
but when they are hung according to this defign, gates may be 
made about one foot (horler for the fame opening, and conse- 
quently they mud be lighters dronger, and tefs expend ve. 4 

Of the hanging of Gate *. 

When the two hooks in the hanging-pod are placed in (he 
fame perpendicular line, a gate, like a door, will red in any 
direction in which it may be placed. But, in order that a gate 
may (hut iifelf when thrown open, the hooks are not placed 
exadly perpendicular ; the upper hook declining a little to- 
wards the falling-pod, or a few feet beyond it. In whatever 
direction that hook declines the farthed, in the fame direction 
will the gate red, if unobdru&ed, and its head cannot then 
fink any lower. Make the head deferibe half a circle, and it 
will thus have attained its ntmod elevation, and will be 
equally inclined to defeend either to the right or to the 
left* 

The following method of fixing the hooks and thimbles, 
will, I think, be found (o anfwer very well for a gate that is in- 
tended to open only one way. Suppofing the face of the hang- 
ing-pod to be fet perpendicular, and the upper hook driven in 
near its inner angle, as is reprefented in the preceding defign, 
and that the lower hook mud be four feet and a half below it ; 
fufpend a plumb-line from the upper hook, and at four feet and a 
half mark the pod ; then at one inch and a half farther from the 
gateway than this mark, drive in the lower hook ; this hoofc 
mud projed about half an inch farther from the face of the 
pod than the upper hook. In the (edion or ground-plan of the 

* See Chap. II. of Mr. Parker’s Eflay on the Hanging of 
Gates i and alfo the Agricultural Report for Northumberland, by 
MdTrs. Bailey and Culley. 
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gate, the two white circles near the hanging-poft reprcfent Particular d«- 
the places of the two hooks when brought to the fame hori- medwdof hMg . 
zontal line ; that neareft the gateway represents the place of ing a gate, 
the upper hook. A line drawn through the middle of thefe 
two circles, and extended each way, will, on one hand, re- 
prefent the gate’s natural line of red, and, on the other, the 
line of its higheft elevation. A gate thus hung will, when 
thrown open nearly to the line of its higheft elevation, return 
to the falling-poll with a velocity fufficient 'to refill a mode- 
rately ftrong wind. This velocity will be either increafed or 
diminilhed, accordingly as the upper hook declines more or 
lefs from a pofition perpendicular to the lower hook. In order 
to adapt the thimbles to thefe hooks ; — as the lower hook is 
one inch and a half farther from the gateway than the upper 
hook, the lower thimble muft have its eye an inch and a half 
farther from the heel of the gate than the eye of the upper 
thimble, in order that the bars of the gate may be in a hori- 
zontal pofition when it is (hut. And, as the upper hook pro- 
jects half an inch lefs from the hanging-poft than the lower 
hook, the upper thimble (hould be fixed half an inch nearer 
the farther fide of the heel of the gate than the lower thimble, 
in order that the gate may be in a perpendicular pofition when 
fhut. If the thimbles have (traps embracing the heel of the 
gate, and proceeding a few inches along each fide of the bot- 
tom and top bars, and if they are fixed to the heel bars and 
braces, by means of iron pins and fcrew nuts, great firmnefs 
will be given to the gate at thofe two points, which are thofe 
that fuller the greateft drains. 

* # * To this communication are annexed a certificate from 
Mr. Edward Simpfon of Wooden Croft Lodge, near Barnard 
Caftle, in favour of the advantage of thefe gates in faving and 
durability ; and alfo a letter from Mr. T. N. Parker, author 
of a well-known Treatife on the hanging of Gates, cxprefling 
his approbation of the fame. 
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VIL 

Dejbription of an improrcd Gun-Lock, by Mr . George Dodd.* 

THE figures in Plate I. reprefent Mr. Dodd’s improved 
gun-lock with its parts in their feveral fituaiions and petitions. 
The (haded drawing. Fig . I. reprefents the exterior parts of 
the lock; and Fig. 2. reprefents its interior. Fig . 6. exhibit s, 
in perfpedive, the tumbler, the fear and the fear fpring in 
the potition of whole cock. The outline plans 3, 4 and 5 
fliew the feveral potilions of the parts, at full cock, half cock, 
and immediately after the difeharge. The tumbler A termi- 
nates on the lower tide in a tail, as ufual; upon which the main 
fpring ads: but, on the upper or oppotite fide, it is formed 
fo as to have two notches or bents, one very deep for the half 
cock, and the other (hallower for the whole cock, as is feen in 
the figures. The circle a, Fig . 3, fuppofed to be deferibed 
by tl>c extremity of the bearing face of the tumbler at whole 
cock, is larger than that through which the extremity of the 
bearing face of half cock pafles, fee Fig. 5. and the center of 
the fear B is placed in the outer of thefe two circles, having 
the under tide of its nofe fathioned in the arc of the circle b b, 
deferibed by the motion of its extremity. The bearing furfaces 
of the bents or notches of half and of whole cock are made 
to fit this face; or, in other words, they form parts of the 
fame circle, when refpedively at whole or half cock. D is 
the trigger, fo formed and placed that, at whole cock it trips 
or draws out the fear, with great facility and quicknefs, by the 
adion of an inner (lope or lace lying in the diredion of a ra- 
dius of the circle it deferibes; (fee Fig . 4.) But when at half 
cock. Fig. 3, its ad ion, by means of an outer dope or furface 
(which lies intermediate between radii, drawn from the centers 
of the fear and of the trigger lo the inner point of their con- 
tad) is fo far from difeharging the motion, that it tends to keep 
the fear more tirongly in its place. Thefe adions and proper- 
ties are fufficiently evident from the figures. 

The advantages of this lock are, 1. It is fully as fimple in its 
confirudion, or rather more fo, than the common lock, and is 
* therefore no lefs cheap and eafy to be cleaned by a common 

♦ From the Tranfadions of the Society of Arts for 1804. 
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foMicr or workman : 2. It is difcharged very fpeedfly, and 
nnnot pofhbly catch or hang at the half cock in the aft of dif- 
chargmg: 3. The bearing parts at half cock are extremely 
firong and cannot mifs their hold or be thrown out of taking 
by any accident. In particular the trigger cannot be made to 
remove the fear; becaufc its aftion at half cock is in the con- 
trary direction. Hence it is much more firaple and its means of 
fafety are nearly as fecure as any bolt, that is to fay it is perfeftly 
eiTeftaa! as far as regards the trigger ; though it does not, like 
fame of the bolt ilops, prevent the full cock being made. But 
on the other hand, as the inventor remarks, its fecurity in no" 
refpeft diminiflies its ready ufe. For bolts, exclufive of the 
additional expence, have the difadvantageof requiring a pre- 
vious operation before the piece is fit for fervice. Few people 
when alarmed have the prefence of mind to unbolt, but they 
in ft ami y attempt to cock. Difappointraent tends to produce 
that agitation and confufion of mind which, at fuch a jtinfture, 
way occaGon the lofs of their lives from opponents who are 
little difpofed to (hew mercy to an enemy from whom they 
had no reafon to expeft any. 

Certificates of the utility and novelty of this invention, from 
fefpe&able makers, with letters of approbation from the Board 
of Ordnance, were exhibited to the Society of Arts; and it it 
probable that this apparatus will obtain the encouragement it 
appears to deferve. The Society exprcfted their fentJmentv 
by awarding the Giver medal with the fum of ten guineas ty 
the inventor. 


VIII. 


Inrtfiigation of the Properties qf the Lines drawn in a Circle by 
Mr. Boswell m the Tenth Volume of this Journal. By Mr. 
John Gough. 


To Mr. NICHOLSON. 


SIR, Middlejkaw , April l?, 1805# 

The theorems refpefting the circle, given in your number Prop^fitfaw 

for March lift by (be ingenious Mr. Bofwell, wiU undoubtedly 

prove nfeful to the ertift and prafticai pbildfopber. On this 1 ***’ 


account 
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Proportions account they ought to be made as correct as poffible; whicji 

rcfpcamg the has not been as yet done, either by Mr. Bofwell, or by his 
more icientiiic commentator m your number tor the prelent 
month. {Fhis declaration in a manner compels me to under- 
take the following invedigation of the fubjedl, in which I 
ihall refer to Fig . 4. Plait XI. of your Journal for April, re- 
queuing the reader to place the letter T at the upper exlre-* 
mity of the vertical diameter, and C at the oppofite end. 

Theorem I \Jl. Let the circle ITFC have unity for its dia- 
meter; draw the diameters IF, T C at right angles to each 
other; bifeci the radius T O in W ; join I W, and produce it 
until it meets the circle again in B: thefe things being done, 
the fquare upon I B is equal to .8000 ; which exceeds .7854*, 
or the common expredion for the area ITFC by the fraction 
.014-6. 

Vemonjlraiion. Put the radius I O = R = .5 ; then O W 
= ^R; iince the triangle I O W is right angled at O, by hy- 

potheGs, IW l =R a +-R 4 = ^-> Euc. 47.1. Now|the 
4 4 

triangles O I W, B I F are equiangular; becaufe the angle at 
I is common to both ; and the angle F B I is equal to W O I, 
being right, Euc, 31. Ill ; confequently, as W I : I O ; : I f 

(=210): I B; hence as W I* ( = ——) *• 1 0*(= R 1 ) :: 

I F* (=4 R*) : I B* ( = — £— ) * but R*=.25; therefore 

JB*— 11^11= 1G X .05 = .8000. But .8000— .7854 = 

.Ot46. Q. E. D. 

Lemma . The area of the circle ITFC is equal to the rect- 
angle under the radius O I, and the fe mi-circumference ITF; 
for tins area is equal to a triangle having I O for its altitude, 
and the whole circumference I TFC for its bafe. ( Archimi - 
dcs de Circulo Prop. Id.) / 

' Theorem 2nd. If the right line I B be the fide of a fquare, 

which is equal to the area I T f C ; and B G be drawn per- 
pendicular to the diameter IF; the fegment IG of the dia- 
meter I F, cutoff by B G, is equal to £ of the circumference 
I T F C or the arc T B F. 

, Deynonfiraiioru The triangle I B F is right angled at B* 
SL&III. and BG is perpendicular to IF by hypothecs 

therefore 
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Hierefore the redangle F I, I G =3 I B a , 8. E, VI. ; but I B*=s Propofinon* 
the redangle under I O and the arc I F F by lemma ^ confe- 
quentlv as FI(—2lO):IO:: arc I T F: right line I G ; 

1 4 E. V I. hence I G := \ the arc I T F, = the arc TBF, 

Q. E. D. 

* Corollary l. If I G, a fegment of I F be equal to the arc 
TBF; draw G B perpendicular to I F; and let it meet the 
circle in B; the line I B is the fide of a fquare; which is equal 
to the area IT F C. This is the converfe of the Theorem, 

Cor. *2. If any angle at the centre of the circle as I OB, 
be given in parts of the right angle T O F ; and I G be equal 
to the arc TBF; find a right line N ; which (hall be a fourth 
proportional to the angles T O F, I O B and the right line I G; 
this line N is equal to the arc 1TB; and a mean proportional 
N . , 

betwixt I O, and— * is the fide of a fquare which is equal to 

the area I O B I ; join I B, and from the laft mentioned fquare 
take the trinangle I B O ; the remaining magnitude is equal to 
the circular fegment I T B. 

Cor. 3. The fquare upon B F is equal <0 the difference of 
the areas of the circle and its drcumfcribing fquare. 

Problem . If the circumference of a circle, whofe diameter 
is unity be denoted by 3.1416; it is required to find a right line 
which (hall approximate very nearly to * of this number, or 
.7354. 

Confiru&ion. Draw I B, as in Theorem I ft, and make B G 
perpendicular to I F; then I Gx 1 = I B, 9 = .8000; confe- 
quenlly I G= .8000, which is greater than .7854. Let the 
reader take g in I G, fo that I g may be of the required length ; 
then as 8000 : 7354 : : IG: Ig; but 8000 is to 7854 nearly as 
55 to 54; therefore divide IG into 55 parts and I g will be 
54 of thefe parts. Draw g b perpendicular to I G ; join I b; 
and the fquare upon I b will be nearer the truth than that upon 
IB. If a more complete approximation be required, it may 
be difeovered by the method given in the ninth Problem of 
Eraerfon's Arithmetic. Q. E. F. 

It is the bnfinefs of the practical geometrician to determine 
the value of thefe propofitions in pra&ical geometry. The 
ingenious Mr. Bofwell confiders the firft theorem to be of 
utility; for which reafon I imagine any improvement in the 
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difoovery will prove acceptable not only to the inventor, bat 
to feverai of your readers who are artids and mechanical ge- 
ometricians. 


JOHN GOUGH. 


IX. 

Oa tike Culture, Properties, and comparative Strength of Hemp, 
and other Vegetable Fibres , tike Grousth of the F.aft Indies. Bp 
Dr. William Roxburgh, of Calcutta*. 

Dear Sir, 

Your letter of the 1 6th of May, 1799, I received on my 
return to Bengal in Oflober lad ; but that from the Society 
edablifhed in London, for the Encouragement of Arts, &c. 
of which you are a member, is not to be found. 

D! advifed ex- I was rather furprifed, on my return to Bengal, to find the 
periments for^ dire&ors had fent out a perfon (Mr. Sinclair), to edablifh the 
hemp in India. cultivation of hemp, a thing 1 had begun feme time before. 

Even on the coaft of Coromandel, ten or twelve years ago, 

J made a raoft fuccefsful trial, the refult of which was laid 
before that government, to be fent to tbe Honourable Court 
of directors ; and again in Bengal, fince my appointment to 
the ftalion I now hold. Mr. Sinclair is dead, and the ex- 
periment is Hill carried on in a mod expend ve manner ; whereas 
it could be continued where it was fir# begun, in the botanic; 
garden, at no expence, and with more profped of fuccefs. 
Should government continue to be the cultivator, the price 
will be enormous. Eighty pounds weight is all, I believe, 
that is yet forthcoming, and cods from 10,000 to 20,000 
rupees. Such experiments throw a complete check in the 
way of all attempts to introduce new, or improve old, branches 
Beft method of of agriculture and commerce. A fmall premium fhould be 
promoting its offered to the natives, and honorary rewards to Europeans, 
cultivation. |h c example is fet on a fmall and not expen five (bale. 

Botanic garden . The botanic garden w as at fird made very large, four times . 
at Calcutta. morp than was neceflary for fuch a garden, the intention of 

* Communicated to tbe Society of Arts, 1804. 
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which was merely to make experiments, and to Invite the 
natives lo fee and profit by the examples in hufbandry Carried 
on there. 

A quantity of my bow* * ftrirtg flax Was, I underfland, fent Bow firing flax s 
from the coaft about two years ago, fbr the dire6tors. I could **** ***??? 
with to know what was done wrth it ; for, to me, it leems to 
be tbe ft ranged vegetable fibre we are acquainted with. 

I mean to fend fome by the January (hips from hence, through 
tbe medio m of this government, and wifh it may fall intoyouf 
hands, and that its qualities may be properly examined by the 
Society for the Encouragement of Arts. I am really forry 
that the letter, inviting me to become an honorary correfpond- 
ing member of that Society, fhould have been loft. I beg 
yon will allure the Society, that I am fenfible of the honour 
they have done me, and (hall be very happy to have it in my 
power to contribute my mite to promote the views of that 
laudable infiilution. 

When any new objeft, promifiog to become ufeful in 
tbe arts or manufactures of our country is difeovered, and re* 
ported to your Society (for example, the bow-firing flax,) the 
Society wHI probably addfefs the Court of Dlre&drs, and re* 
commend tbe cultivation and importation into England of thfe . 
commodity itfelf. 

Another obje&, of more national importance, Which I re* Excellent qwtli- 
coa mended to this government, before I went to the Cape, * rrr! * 

was tbe growth of one of the moil noble of the palms, the 
vrraw, mentioned in Marfden’s Hiftory of Sumatra, page 77, 
and (aid to yield at ah early age (from fire to feven years,) 
fibres ready prepared by nature, flexible, ftrong, and rooft for its fibre* $ 
durable, and the moil convenient for cables and cordage of all 
kinds, that can be deftred. It alfo yields great abundance of its wine} 
palm wine, which can be converted into fugar or ardent 
fpirits i and when the tree is old, its pith is the bafts of the 
fago we fo much' value. I have distributed many hundred and its (ago. 
plants, and have dill a great number in the garden*, befide 
many fhoufond , feeds in the ground. Drawings, and a de- 
scription of tbe mod valuable tree, were fent to the directors, 
under the name of Jbgueru* rumphii \ but as the trees from 
which they were taken have advanced in fize and age, a new 

* Feb. I SOI . About 100,000 plants have been reared in this 

botanic garden fmee the date of this letter. 

Xol. XI.— May, 1805. D fet 
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fet.of drawings, and a new defcription, of Che old one ©qr- 
reded, becomes neceflary. They will be font to the Dire&ors 
this feafon. The objed may be fuch as your Society wifli .to 
attend to ; and on that account I have ventured, to trouble you 
. with the above fiatement, 

I am, dear Sir, 

Your mod obedient Servant, 

W„ Roxburgh. 

Calcutta , Dec. 24-, 1799. 

Robert Wiflet, Efq. 

Dear Sib, 

Experiments on MY letter of the 21th of December, 1799, I am afraid, has 
not reached you. The experiments on hemp, therein men- 
tioned, have not, I believe, thrown much additional light on 
the fubjed. My friend, Capt. Burrows, of the Earl Howe, 
has done more to make our own indigenious fpecies (the JUn 
of the Bengalefe) better known, than any other perfon I am 
acquainted with. 

Comparative ex- For thefe laft twelve months my attention has been much 
vcfeublefibres. up in colled in g and comparing the various vegetable 

fibres of Afia, &c. ufed for cordage, cloths, and paper. The 
refult of tbefe I have lately prefented to the fupreme govern- 
ment, to be fent to the Hon. the Court of Diredors, in reply 
to the 79th paragraph of their general letter of the 7th of May 
Neccffity of a laft. This paper may be interefiing to your Society, par- 
Ruffiajnhcmp. ^icrailmrly at this time, when the attention of all good patriots 
is drawn towards the difeovery of a fubftitute for Ruffian hem p. 
This paper, with my former efTays, contain much information 
on the fubjeds therein mentioned. 

The fun plant U The JUn of the Hindoos, which is the prepared fibres of 
inoft promihng. ^ Je 0 f a W€ jj.t noW n Indian plant, the crotalaria junceu 
of Linnmus, fiill appears to me to be the mod promifing Tub- 
fiitute for hemp which has come to our knowledge ; I mean, 
.when every circura fiance, relative to its quicknefs of growth, 
its being already univerfally known and cultivated by all the 
lotions of India, its low price, pliablenefs, firength, dura- 
bility, & c. &c. are taken into confideration. All that can 
be necellary for the procuring and tranfporting to England 
«&y quantity of this material, is to enfure the cultivator a 

, certain 
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certain price, and ready market for the commodity ; and to 
have it properly cleaned and packed, to render the freight 
as low and convenient as poffible. Cleaned famples of this 
very fubftance were lent by me, Ax or foven years ago, to the 
Directors; fo that the fault is not mine, if it is not already 
better known than it feems to be. 

The diicovery of a fubftitute for Ruffian hemp is certainly It can be afford- 
an object of the firft magnitude. If J\tn is found to be 
bed fubftitute yet difeovered, and cofts in India, fay, when 
properly cleaned, ten pounds per ton, and the freight fixleen 
pounds, there will ftill be a considerable profit to the mer- 
chant, particularly in times of war; for, I believe, it. rarely 
happens that hemp fells fo low in London as thirty pounds 
per Ion. Should the fubje& appear of conlequence to you, I 
beg you will call the attention of the members of your Society 
to it. 

That I may not encroach .too much on your time, I will 
clofe this letter by referring yop to my friend Mr. Bofwell, 
the late Marine Storekeeper and Naval Paymafter. for any 
farther information you may want. I fend this package by 
him. Mr. Babb, late a Member of Lhe Board of Trade here, 
can alfo give you much information. 

I am, dear Sir, 

Your moft obedient Servant, 

W. Roxburgh. 

Calcutta, Feb. 27, 1801. 

Robert Wiflet Efq. 

Obfcrvatiom on the Culture , Properties , and comparative Strength 
of Hemp , Sun , Jute, and other Vegetable Fibres, the Growth 
qf India, communicated by Dr. Roxburgh. 

HEMP, confidered merely as an article of trade, is an importance of 
obed of the firft importance to Che merchant ; but, when and j. 18 

„ . . . _ .... very ex tenure 

we reflect on its various ufes, and obferve that hardly any art m Utdsty. 
can be carried on without its affiftance, or of fome other 
fubftitute; the objects it embraces are immenfe, and there 
are few that better deferve the attention of the philofopher 
or intelligent artift* Cordage makes the very finews and 
m nicies of a (hip, and every improvement which can be made 
ia iu preparation, either in refpeCt to ftrength; pliablenets, 
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or durability, or in bringing to light fubflitutes equally good * 
or better, particularly where hemp itfelf cannot weH be bad, 
mud be of immenfe fervice, particularly to the mariner, and 
to the commerce and the defence of natioos. 

It* eultintlbn in The cultivation of, this important plant in our colonies haft 
ti tled°to p port not on ty # at t ‘ me8 » met With encouragement from the 
and encourage- government, but alfo of late from the Eaft-India Company 
in Bengal, where- extenfive experiments were begun by the 
late Mr. Sinclair, and after his death carried on by Thomas 
Douglas, on the culture, of hemp and flax, on accoontof the 
Honourable Company. A clear and impartial flateroeot of 
thefe trials is to be wifhed for, as it will, no doubt, throw 
much light on the cultivation of hemp in India, and enable us 
to proceed with greater profpefts of fuccefs than ever. 

It may be very My own experiments and inquiries on the fame fubjeft* 
doccd^iadi^' on coa ^ C° roraan del an d Bengal, have been many, 
though not extenfive. Their refult leads me to think, that 
hemp may be cultivated to great advantage over the interior 
parts of Bengal and Behar, where the feed fhould be Town 
about the beginning of the periodical rains, or earlier* if there 
have been frequent (howers, on elevated fpots of rich loam/ 
foil, fuch as the Ryots cultivate tobacco, fun, and paat on, 
near their habitations* In fatuations of this nature it thrives 
well, and .will be eafily attended 'to. At firft, fome en- 
couragement will certainly be neceflary, to induce the Ryota 
The Hindoos to undertake this new branch of agriculture. For, tdthougji 
for'the^efti 00 ^ ^ P* ant perfe&ly familiar to every Hindoo, yet the cultiva- 
tion on an extenfive icale, for the fibres of its bark, is perfectly 
unknown to them. I would therefore fuggefi, that they 
ihouk! pay no rent for the ground fo occupied for a certain 
period; that feed thould be given gratis; that they fhould be 
enfured a certain price for the hemp ; and finally, a reward or 
premium to the perfon or perfons who produced the g reate ft 
quantity of the beft hemp within a Hated period. 

Seafon for grow- In many parts of Bengal, particularly where the land is fo 
tag it. low ^ t 0 remain, humid through the dry-weather feafon, hemp 

thrives luxuriantly during the cold feafon ; but tbe water is 
then loo cold for macerating the plants to tbe grealeft ad- 
vantage: one day in June, July* or Ajiguft* has more effect 
in looftning the bark, than eight in December, January, or 
February ; consequently* the prolonged immerfion injures the 



Digitized by Google 



OTHER VEGETABLE FIBRES, 


ST 


qualify of the hemp much. The rainy feafon is therefore 

preferable for the cultivation and maceration, dven if the 

plant grew better during the cold, which is by no means the 

cafe, particularly on lands elpvated above the level of the 

annual inundation of the low rice-fields. We mud therefore One annual 

content ourfelves with one crop in the year ; for it is a very ^ 

falfe notion, and a very prevailing one, that the fertile field* 

of Afia produce at lead two crops annually ; as well might 

we fay, that the fertile lands of England yield at lead two, 

becaufe a well-managed garden, near London, or fome other 

large city, will produce repeated crops in the year : (b irr 

India, by great care and indudry, a fpot here and there will 

produce two or more crops. The burning heats of Afia, 

while they lad, are as unfavourable for vegetation, as the 

firofts of winter in Europe. 

Befides hemp and flax, the vegetable kingdom, particularly Other vegetable^ 
that natural divifion called by Linnaeus, ColumniferSe, abounds P» rticu !j rl y d* c 
m plants which produce 'materials til for cloths, paper, and f or the uies of 
cordage: almofl every nation or country potTefles fomething of hemp, 
the kind peculiar to itfejf. To afeertain what thefe are; as 
well as to find out new ones, to try their comparative drength, 
durability, texture, &c. has, at Various leifuce hours, em- 
ployed my attention for mjiny years pad. Drawings and 
deferiptions of many of them have been already laid be- 
fore the honourable Court of Directors. There are, how- 
ever, fome others which remain to be brought under view 
and compared with the kinds we are bed acquainted with, 
which I have attempted in the following experiments. Many 
other forts are alfo mentioned by various authors and travellers, 
of which I know nothing more than the names. Two of 
(hefe are mentioned by Marfden, at pages 7 5 and 7 G of his 
hifiory of Sumatra, Others are peculiar to Pegu, &c. &c. 

Thefe I mud omit for the prefent, and confine myfelf to fucb Defcriptive out- 
as I am more mtimately acquainted with. The better to ,,n « of d»c 

.. ...... _ , . . authors ex pen- 

enable me to proceed in this inquiry, I have cultivated, in the mentton various 
Botanic Garden at Calcutta, many of the plants themfelves P ,ant * cord * 
which produce the materials hereafter mentioned ; prepared of 

their fibres in general by maceration, &c. as with hemp and the fibres, 
flax in Europe. And, to compare their drength (plain, tan- 
ned, and tarred,)' bad then made into cords, compofed of three 
Ample yarns, as nearly of the fame fize and hardnefs as a 
5 Hindoo 
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and tried in the 
white, and aifo 
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tarred. 


' Tanning 
firengthens ani- 
mal fibres, but 
qHtre vegetable 


Hindoo rope-ma^er could make (hem ; bul, in fpite of my uf- 
moft/care, they were always too hard twilled to be of the 
grealcfl poflible Ilrength *. Of ^ach fort there were fix, when 
there was a l’ufficient quantity of the fibres. Three of them 
were about the fize of a log-line, and three a fize larger than 
a whip-cord; one of each fize and fort was kept white : the 
average number of pounds which broke them, (for repeated 
trials were made, and always with lengths of exactly four 
feet), will be found in the full and fecond columns on the 
right. One of each was tanned + with the aftringent fruit 
called gqub by the Bengalefe, ( Embryopteres Glutinifera, 
Roxb. Coromandel Plants, Vol. I. No. 70.) Their ilrength 
is reprefented in the third and fourth columns of the following 
table. And, billy, one of each fort was tarred ; their re* 
fpeltive flrcngths will be found in the fifth and fixth columns. 

We know the tanning principle (Irengthens the fibres .of 
leather, (animal fibres ) but are not fo clear that its operation 
■ on vegetable matter is uniformly the fame. The attention be* 
flowed to afcertain this point in thefe experiments will, at leaft 
throw feme light on the fubjeft; and may induce others, better 
qualified, to extend the inquiry (here in India), where tanning 
materials abound, 

* The experiments of Reaumur, Sir Charles Knowles, and Du 
Hauiel, uniformly prove, that when hemp-rope is twilled to the 
ufual haidnefsj which is that which brings them to two-thirds of 
the length of their refpc&ivc yarns, their Ilrength is lelTened by 
nearly one-fourth, when compaied with ropes confiding of the fame 
number of the fame yams twilled up to only three-fourths of their 
length. There will be no difficulty in accounting for this differ- 
ence, if we confider that a ikein of fibres may be twilled fo very 
hard, as to break with any attempt to twill it harder. In this Hate 
the fibres are already lhained to the utmod, and cannot fupport any 
weight or additional (train. 

+ The idea of tanning cordage is far from being new $ for the 
fifhernien of Alia, as well as of £urope, not only tan their nets and 
lines, but alfo their fails, to give them additional ftrength and du« 
^ability. The fame procefs might be productive of the fame effects, 
if employed on cordage made of thf materials (No. 2, 5, 6, 7, 8* 
pnd la), fpecified in thefe experiments, which induced me to re* 
commend its being tried with fun cordage, in my letter to the 
poajd of Trade, in Augud, 1797* 

Another 
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Another point of ibe utmoft importance to be afcertained is Whether tan 
whether tanned ropes will be preferved by the tan, with which ^^ refcrfc wet 
thej are impregnated, when (towed away wet; as tarred ropes 
are preferved by the tar when fo circumftanced. It is never- 
thdets a well-known fa6t, that tarred cordage, when new, is Tar does not 
weaker than white; and that the difference increafes by keep- ftr *ngtlien cord* 
Tar can therefore only be employed to preferve cordage, contrary, 
aod not to flrengtben it ; fo that if tan will add ftrength, or 
even not weaken vegetable fibres, and at the fame lime pre- 
fer* them ; of how great advantage to the nation would the 
dilcovery of a convenient practicable procefs be. For all 
cordage, expofed to be alternately very wet or dry, requires 
to be impregnated with a prefervative. And, to conclude this Tar not pro- 
long note, I beg leave to obferve, that tar is not the produce in 
at the warmer parts of Alia. Are we, therefore, to conclude, 
that no material, the produce of thefe parts, can be applied 
for tbe fame end? Let us not entertain any fuch idea. Nature 
is abundantly kind, and fumifhes every country and climate 
with what is moft proper for the ufe of its inhabitants. 

Th^ annexed ftatement of the experiments made on the Statement of 
fahftances there fpecified, can only be deemed &r attempt oa 

towards ascertaining their relative ftrength ; and though they r -8C * 
are the average refult of feveral trials made on the ftrength of 
each cord, plain, tanned, and tarred, yet I mail acknowledge 
they cannot be deemed any thing more than a firft eftay, chiefly 
owing to the lines being in general ill laid, feme more and fome 
lefs twifted, and by no means to be compared with tbofe of 
Europe. For in fome inftances, I found a lmall one fuftain 
m greater weight than a much larger, made exactly of the fame 
materials. It is therefore rny intention to repeat them on a 
larger fcale, and, if poflible, with belter made lines; for 
every thing depends on their beipg exactly of the fame fize and 
degree of twift. 


COMPARATIVE 


Digitized by v^ooQle 



COMPARATIVE STATEMENT OF THE EXPERIMENTS. 



Digitized by Google 


COMPARATIVE STATEMENT OF THE EXPERIMENTS — continued. 


OTHER VBCET&llE FIBRES 


41 



Digitized by v^ooQle 



4S ON KIKP 4KB 

The cords, when (he trials were made, had been kept about 
fix months after they were prepared, chiefly with the view of 
allowing the effe&s of the taa and tar to lake place. The re- 
fult of thefe experiments (how, that tan has in general added 
flrength, while tar has had a contrary and in no inftance 

is this more clearly evinced, that in the common hemp (Can- 
nabis) cultivated in Bengal. 

Ijoo and Coir. To Ejoo and Coir, neither tan nor tar feem applicable; and 
in feveral of the other experiments, I had not a fufficient 
quantity of the materials to make the neceffary number of 
cords, viz* fix of each fort, to try with tan and tar, as well 
as in their natural date. At fume future period, I hope to be 
more fortunate in procuring larger fuppfies of the materials, 
and alfo to add fome other other forts, fuch as the — 
fibre. Rajeroahl bow-firing fibre, the produce of a new fpecies of 
Afclepias, difcovered by William Roxburgh, junior, among ft 
the Rajemahl Hills; 

New Zealand New Zealand Hemp ; 

Hi (hi feus Cannabinus, and fome other of the fame natural 
order (Columniferae) ; (for in general their barks abound with 
firong fibres ; witnefs the foregoing table, where fix of them 
are to be found) ; 

The leaves of a new fpecies of Andropogon, &c. &c* 


APPENDIX, 

Containing Remarks on fome of the Plants mentioned in the fore* 
going Table. 

Remarks vn , No. 2, Hemp, or Cannabis Sativa.-rBanga, in Sanfcrit; 

Bunga, Bungh, or Bung, of the Hindoos ; Bang, of the 
Perfians; Kinnub, of the Arabians, is no doubt our own 
famous plant, now fo common and ufeful in Europe. I have 
at different times examined various figures and deferiplions, 
as well as the plants reared from Europe feed, comparing them 
with our Indian plant through its various fiages, and can dif- 
cover no difference whatever, not even to found a variety on. 
Perhaps few vegetables, fo widely diffufed over almofi every 
part of the known world, and under the immediate manage* 
It is well known ment of man, have undergone lefs change. It is perfectly 
fa itsfibrw* 00 * ^ Mn *^ ar to ^ ie na ^ ns of India, 1 may fay of all the warmer 
g parts 
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parts of Afia ; yet 1 cannot dtfcevfer that the fibres of the bark 
bate ever been employed for any purpofe. It is caltivated in 
fmall quantities every where, on account of its narcotic qua- 
lities.— Tbe leaves of the male plant, and flowers of tbe female, 
are the parts in moil general ufe. 

I have repeatedly applied for the feeds of all plants reared Chla*, 
in China, and other countries to the Eaftward of the Bay of c * 

Bengal, as well as to aknoft every other part of India we have 
any communication with, for an account of the plants em- 
ployed to fupply materials for clothes and cordage, and for 
their feeds ; but could never learn that Cannabis was one of 
them ; nor were its feeds ever fent to me as fuch. 

No. 4. The great rtrength of this fubrtance makes it a very vety 

defirable object. For a defeription and drawing of the tree bul 
I refer to thofe # which accompanied my letter to the Moft 
Noble the Governor-General in Council, under date the 2d of 
January, 1800. Tbe fibres employed in thefe experiments 
were taken from trees growing in tbe Botanic Garden at Cal- 
cutta, where they thrive well. I cook) obferve, during the 
trials made in breaking tbe cords of this fubflaoce, that they 
were not fo elartic as thofe of Coir, which will probably 
tender it left fit for cables, but belter for many olher ufes. 

Coir is certainly the very beft material yet known for cables, 
on account of its great clajOctiy and flrength. 

Not. 5, 6‘, 7, 8, and 9. Thefe four plants have already Other plants t 
been figured and defcribod by me, in a memoir fent through 
the Governor-General in Council, to the Hon. the Court of 
Diredors, in December, 179.5. Since writing that paper, I 
Have learned, that Jkm (Crotolaria Juncea) is almofl universally The fin orcro- 
employed, over the warmer parts of Alia, for cordage. Q n *olana juncca. 
the Malabar court, 1 find it is generally named by the gentle* 
men at Bombay after the province where reared. It is afed ia 
that place for lacing their cotton bales, on account of its great 
flrength. Samples of three forts, viz. Mai wan, Rajapore, 
and Salfette, were fent to mq, from them, by Dr. William 
Hunter ; and am induced to think, tittle or no maceration is 

• A former fet, No. 1 179, fent in to Government on the EJd 
af November, 1797, were not fo corred at could be withed, on 
account of their having been taken from young trees, juft coming 
into bloflbm the firft time* 

employed 
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employed in taking the bark fora the folks; or in cleaning thte 
fores, which may add 'to its: ftrength • for certainly macerat ioh, 
particularly if long continued, rauft weaken frefh vegetable 
fores considerably. The fame gentleman lent me feeds of the 
Salfette fort: they have produced plants now in bloflom, 
and from them have afeertained the identity ^of this fpecies. 

In fome parts of Bengal, a moft luxuriant variety is culti- 
vated immediately after the rains, which often grows to the 
height of twelve or fourteen feet; while the common fort ife 
generally reared in Bengal during the early part of the 
wet feafon, and grows to only about half the height of the 
funner. 

I muft farther obferve, that the fibres of No. 5, poflefs great 
ftrength, and it teems to me to be one of the mod fit of any of 
oar Indian productions' for cables and cordage. The plant 
grows generally to the height of from fix to ten feet, the fibres 
long, but harfher than thofe of hemp, if not cut at an early 
period. It is very generally cultivated about Calcutta during 
the rains. .An acre yields of the half-cleaned fubftance (the 
foie in which the natives carry k to market), about 600 lbs. 
weight, and felts for about a rupee and a quarter per maund of 
SO lbs. 

No. 6. By cutting No. 5, the faft-mentioned plant, when 
beginning to blofiom, we have the moft beautiful fliin ing white 
fibres that can well be conceived, but (by my experiments) 
greatly weaker that when the feed is fufered to be nearly ripe 
before the plants are cut. 

No . 10. Flax, the plant, is very generally cultivated during 
the cold feafon, over the interior parts of Bengal and Behar, 
merely for the feeds, from which oil is obtained. The flak 
itfelf the Hindoos fet no value on ; for, alter they have ga- 
thered the feed, they throw away the ftalk^ as ufelefs, having 
no knowledge of the fibres which their bark yields. Samples 
of the flax have repeatedly been procured by the Board of 
Trade, and fent to England to the Hon. Court of Diredors ; 
fo that k is from England we may exped to learn its properties. 
If the flax has been found good, large quantities may be reared 
at a fmall expenfc ; as the feed alone, which the crop yields, 
«nuft be more than equal to the charges, to render it profitable 
to the former. 

No. 
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Jtfr. 1 1. This Agava s* of flow growth; ma that account I Agm Amen- 
doubt if ever jtcaa be advaatageoafly cultivated ; but* 
found wiki in plenty, iljfaaybe mfciMlfa&ured at a trifling exu 
peofc. Its great .ftreogtb render* it at) fbje& worthy ofaltesv 
Uon. The fibres are €Otife f cODfeqoaOily rope made of them 
barfi) to the feet > 

2fo. 12. Drawings, and a deiciigtihs: of the plant .Aleflris Aletrisnervofas, 
NervoTus Roxb. the method of extra&ing the , fibres, with a 
quantity of the lubflance itfejf, were fenl to the Hon. the 
Court of Dire&or*, through the Madras Government, above 
teo years part. I alfo gave a large quantity to Mr. Bebb,wbeu 
fie left Bengal in January, 1800, to take to England with hrak 
for trial there. The plant grows fully as #ell, and is as ©oat*- 
son as on the Coromandel coaft. There has lately been about 
a btggah {third of an acre) planted out. with it in the Botanic 
garden, the better to determine the expenle, and the annual 
produce of any given quantity of ground. 

Ao. 1 3. This plant, a native of various parts of India, New Ahromtau- 
South Wales, Philippine iflands, &c< has been long known to 
botanifts ; yet I cannot, with all the attention that 1 have been 
able to beftow on tlie fubje€t, find that the fibres, fo abunL 
dantly interwoven through its bark, have ever been afed or 
even taken notice of by any other, perfon ; fothat I think we 
may look upon it as a new difcpvefy, defeiving of more thah very prondfiog, 
common attention, m account of the beauty, fineoeis, and 
firength of tbefe fibre* 

It is perennial, grows luxuriantly in the Botanic garden, audits growth, 
has been cut down twice within thefe fix or fevet) months ; fo 
that I think it will, at ieail, annoaJly afiford two or three crops 
of (hoots fit for yielding this fubfiance. My experience does 
not yet enable me to date how much may be the yearly produce 
of an acre, but can venture to prognoflicateas large a produce as 
canbeobtained from an au cuf^Rtitliu, Jute, Sun, Hemp or Flax, 

To render thin bark fqparable from -the half-ligneous (hoots it Treatment to 
covers, to (often its external lamina, or epidermes, and lhe obuil * thettr ^ 
parenchymatous fuhflance which firmly counedU the fibres m 
their natural date, maceration in ftagnaot water for from four 
to eight days, during the warmer parts of the year, anfwecp 
well whilft three times astnany day s are fcarce Efficient during 
the cold feafon ; indeed, the procefs is fcarcely practicable then* 
befides, the fibres are greatly weakened by the length of t|ye 
maceration. 

Immediately 
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Iwroedidtcty on being taken out of the water, end whi/c 
wet, (be (hoots are fingly taken in the band, rubbed with 
fbme coarie material, fucb as a little dry graft or gunnyv to 
remove the exterior pulpy lamina or epidermis of the bark, 
which is deftitate of fibres. This part of the procefs is eaffilyr 
effected ; and when done, the clean (hoots are to be made up 
into fmdll bandies, and placed under weights, or fonae other 
equal preflure, to keep them' firm at the middle and top, either 
under the ftrrface of the waters* or out of it; the fibrous bark 
is then feparated with the fingers' from a final! portion at the 
end t>f. the ligneous (hoot or (talk, which the operator takes 
hold of, and draws Out one by one; when thefeare removed, 
the pulp, or parenchyma, which fills the interfaces between thd 
fibres, and conne&s them together, forming in the living plant 
that part of the bark which may be called its inner lamina, or 
cellular tiflue, is immediately wafiied out in cold water, and 
the clean fibres fpread out in the fun to dry. Such was the 
fivnple procefs by which this fubftatice (which may very properly 
be called Indian Hemp or Flax) was prepared. 

I have now under cultivation about the third of an acre (a 
kiggah) of ground in the Botanic garden with this plant; the 
refult dial I be carefully noted from time to time. It might have 
been prudent to have withheld this account until that time; 
but the firong defire. of> making known adifeovery, which may 
in a (bort time become beneficial to the public, induces me t© 
be thus precipitate. * 

For a farther, account of this plant, 1 beg leave to refer to my 
drawing and defeription thereof, fent to the Hon. the Court of 
Dire&orsforae years ago, and numbered 41 5« 

W. ROXBURGH. 

Botanic Garden , near Calcutta , , 

/a/*.31, 1301. 

Additional Experiment t on tltc Strength of Sun, (No. VI L) 

Some tanned fail-twine, made of this fuhftance four years 
ie ago, for the infpe&ion of the Marine Board, was made into a 
* -cord of three ftrands; each of the ftrands compofed of four 
threads of the fail-twine. 

Some more of the fame fail-twine, tanned twelve months 
^ago, was made into a fimilar cord, and another was made of the 
yvhile unprepared twine. 

The 
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The firft, which had been tanned four years, broke with 1 10 
lbs. when dry, a*d with 130 lbs. after baring been fteeped in 
water 2* hoars. 

The fecund, which had been tanned one year, broke 
with 123 lbs. when dry, and with 140 lbs, after deeping 24* 
hours. 

The third, or plain white, broke with 145 ibk when dry,’ 
and with 222 lbs. after (leaping 24 hours. 1 


X. 


Dejbription of the Bavarian Method of evaporating Sab fd 
Waters. By M. Bonnard. 

This new method, pra&ifed in Bavaria, has been intro. Bavarian De- 
duced into the fait work of Moyenvie, by M. Cleifs, infpedkor 
ef the fait- works of Bavaria. waters. 

The pans are com poled of fquare plates of cad iron, of 4 
millimetres in thicknefs, and 4.76 centimetres on each fide. 

Thefe plates are joined by their edges, which are turned 
downwards, and consequently without the pan: they are 
foitdly united by a piece in the farm a (quare gutter which 
receives the edges, and is fee u red by a great number of 
ferews. 

An evaporating houfe is compofed of fix pans, of this con* 
dro&ion, difpofed in two rows; but thefe pans hare different 
ules, which require a particular arrangement. 

That in the middle of the back row is the fmalleft ; it has 
no particular fire-place, but it is heated by the jun&ion of thb 
chimnies from the other fire-places. The fah-water depoGts 
its impurities in it ; it is called the (mall pan. 

From the fmpll pan the fait water paties into the graduating 
pan, which is lower than the firft, and placed in the middle 
of the front row ; it is there kept in a date of conftant eballi* 
tion : the water is concentrated in it to 20 degrees, and de- 
pot its a part of its fulphated lime. 

From the, graduating pan the fall water pafles into the pre- 
paring pans, which are lower than it, and lituated at the two 
extremities of the back row : there it is alfo kept conftanily 

boiling. 
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boiling, -it is completely concentrated, and deposits all its ful- 
phate of lime ; U if then palled into the oryftallizing pans, 
flill lower than thofe of preparation, and placed at the two ex- 
tremities of the front row i there the water fcarcfely boils, and 
the fait cryftallrzes* 

Each pan, with the exception of the fmall pan, has a par* 
ticalar (ire- place, the cfcimhte* of which pafs roond the (ides 
of the pan : they unite undet the fmall pan, by which means 
there is little heat loft* 

Thcfe pans are placed two and two in chambers of wood, 
the joinings of which are well fecufed, which clofe them 
hermetically: thefe chambers, are low, and their ceilings are 
perforated in the middle with holes terminating in a tube, by 
means of which the aqueous vapour is difengaged with rapi- 
dity. The chambers for the preparing and cryflallizing pans 
have their coiling pyramidal, or in the form of a reverfe hop- 
per, while that for the fmall pan and the graduating pan is 
horizontal. 

The feline waters are palled fucceflively into thefe four 
kinds of pans ; the workmen penetrate into the chambers, in 
the midfl of the vapour, to open the communications. This 
operation is pei formed every fix hours, and the water in each 
pan is reftored to the level at which it Hood iix hours before; 
Every three hours the felt in the cryftallizing pans is collected-, 
it is brought with lcoops to elevations on the front edge of the 
cryltallizing pans, where it drains; it is afterwards carried 
into drying rooms, which furround the outfideof the chambers : 
thefe are (paces covered with iron plates ; they are warmed 
by heat-tubes leading from the fire-places. 

Every eight days they take away the fulphate of lime, 
throw out the mother-waters, and break the fhell, that is 16 
fay, the incrufmllons of felt which adhere to the bottoms of 
the pans : every twenty-fdur days the work is entirely flopped 
4e repair the pans; an operation which is performed by the 
workmen themfelves. 

It has been found that this method of evaporation affords 
a foving of more than one-third of the feel. 

An improvement has lately been made in this procefs at 
Dieufe: the fmall pan has been fappreffed, and (lie drying 
rooms have been replaced by auxiliary pans, in which a coarfe 
fait is made* 

The 
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The heated drying rooms are ufelefs when the humidity of Bavariin me- 
the fall arifes from the muriate bf lime it contains. 

Explanation of the Plates III . and IV. 

kg. 1 . Plan of the paos. 

No. 1. Small pan. 

No. 2. Graduating pan; 

No. 5. Preparing pan. 

No. 4. Cryftallizing pan. 

The difpofition of the plates of iron which compofe thefe 
pans, is (hewn in No. 2. 

a, a. Elevation on which the fait is placed to drain, as it is 
iaken from the cry ft alii zing pans. 

0 , b, b. Wooden partitions which feparate the chambers. 
t,e, c f A raifed wooden ledge which furrounds the pans. 

Fig. 2. Section of the evaporating chamber which contains 

the pans I atad 2. 

d, d, d. Heat tubes which give heat to the fmail pan, and 
contribute to heat the others. 

e, f, e. Fire place for the pans. 

1, i , i. Pillars of caft iron under the gratings g, g, g 9 which 
fupport the bottom of the pans. 

h. Wooden chamber which contains the two pans. 
k. Opening by which the vapours efcape. 

Fig. 3. Section of the evaporating chamber which contains 

tbe pans 3 and 4. 

«. Elevation on which the fait from the cryftallizing pans is 
placed to drain. 

The other letters indicate the fame parts as in the preceding 
figures. 

Fig. 4. Method in which the plates of iron are joined to - 
form the pans. 

a. The iron plate. 

b. The iron gutter which receives the edges of the plates, 
and is ftrongly faftened with fcrews. 

i, i. Pillars of caft iron which fupport the bottom of the 
pan. 


woa or evapo* 
rating (alt 
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*50 DR. IRVINE'S EXPERIMENT 

XI. 

Letter of Inquiry refpcctiwg the late Dr. Irvine's fundamental 
Experiment on the relative Capacities far Heat of lea and 
Water. With an Anjhoer by Mr. Irvine. 

Requeft that A CORRESPONDENT would be much indebted to Mr. 
Mr. Irvine Nicholfon if he would convey by publication in his Journal, 

would defer i be ... . c „ Z. 

his Other’s ex- or olherwile, the following requeft to Mr. Irvine. That gen- 
periment on the tfeman in his paper in the Journal of tail month • mentions his 
•ad*w*ttT.° f f ,av,n g * n h* 8 pudeffion the experiments of Dr. Irvine on the 
capacities of bodies. Ji has always been a wifh with tbefe 
citcmifU who have attended particularly to this fubjeft to know 
in what manner Dr. Irvine made t lie experiment to afeertain 
Chan|e of form the comparative capacities of ice and water. If either of the 
thc U refIuu UC0CC ^ X)C ^ C4 during the experiment change its form, if the ice were 
melted, or the water congealed, it becomes lefs decifive, as 
it may be objtded by thofe who maintain llie opinion that 
latent caloric exirts in bodies either in whole or in part in a 
Rate of chemical combination, that the ret u It might arife from 
fuch a combination, and not from a change of capacity. But 
if the experiment were made in fuch a manner that no change 
of form took place, which though difficult U poilible. Dr. 
Irvine's theory, which U fo much fuperior to the other, is un- 
equivocally eftabiifKed. It would be conferring a favour on 
the cliemieal world, if Mr. Irvine would take the trouble of 
faying in what manner the experiment was conduced, pro- 
viding fuch a notice would not interfere with the intention he 
has announced of giving a more full account of his father's in- 
vert igat ions, an account which would be eagerly received by 
cheinirts. 

September 2 Uh, l S03. 


Reply by Mr. Irvine. 

The experiments WITH regard to the enquiry of Mr. Nicholfon 's corre£ 
WhoTt being pendent, it would give me pleafure to inform him of any cir- 
liable to the cpmftance within the fphere of my own knowledge that (liould 

objedioiu before tend t G add to the illurtration or proof of my father's theory. 
Raced , 

* Sept. 1803. See our Addref. to Correfp.ndei>t* of iaft month- 

There 
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There does not feen to me any difficulty in explaining falls- 

fedorily how experiments on the capacities of ice and water 

may be coado&ed without being expofed to the objections 

above Anted; at the fame time, though thefe experiments may 

be conclufive as tar as they go* 1 have hot been accuftomed —bet m*y not 

to confider them as altogether fo decifive of all arguments upon ^^ cxceptioa " 

this bbfA. 

In a general way then the experiments of Dr. Irvine were Account of Dr. 

condtf&ed in the following manner. The capacity of water *7^* ®edi°<l 
. . , . , r • . . of experiment- 

being taken at unity* pains were ufed to afeertam the capaci- i n g. 

ties of mercury* river fend, pounded glafs, and iron tilings. The capacities 
with refped to water* and 'Confequently to each other in the frnd^pounded 
ordinary manner* It is at prefent of no importance what pro- glafs’and iron 
portiona! quantities of the materials were employed, Th»s|j^*^” 
being done* the capacity of one of thefe fubflances was ex- reiped to water* 
perimentaffy compared with that of pounded ice or fnow.— 

Every precaution was ufed to enfure fuccefs. The weight One of thefe 
and capacity of the veflel was determined* and the colder and ^^d'againft 
hotter body alternately added to the other. The temperature pounded ice at a 
of the air was always below 32, as was that of all the mate- STpbce U aUwy* 
rials and of the veflel. No water could therefore be formed* under 3a 0 . 

In bis fir ft experiments I believe Dr. Irvine ufed mercury* but 
afterwards I know that he preferred iron filings and fend. Fot 
•sample* if the veflel and room were at II 9 * let half an Example, 
ounce of powdered ice from diftilled water, at temperature 
30° be poured on four ounces of iron flings at 11% let the 
temperature of the mixture be noted after flirting* the due af*> 
fowances made fur the heat gained by the veflel and the air* 
and a proper calculation made. Let this experiment be re* 
verfed by cooling the ice to 1 1 and pouring the iron filings 
at 30° upon if, and let a calculation from this be compared 
with the former and corrected by it. Finally, let thefe ex- 
periments be compared with others where different quantities 
of materials are ufed, and of different temperatures* and you 
have a view of the method employed for determining this point 
by Dr. Irvine* which does not appear to be objectionable upon 
other grounds than all experiments for afeertaining capacities 
are, none of which Irnve any pretenfions to perfect accuracy. 

Dr. Irvine was fer from being fatisfied that his experiments 
were mathematically, precife. But he uniformly found the ca- 
pacity of ice to be lefs than that of water, and that in a greater 
ratio than is generally allowed. 

E2 With 
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The common With refpelt to tlie common notion that experiments on 
and°wner bring ic® are made by mixing it with water, it is alto* 

dire&ly applied gether falfe in the cafe of Dr. Irvine* No doubt this may bn 
anfounded^and ^ one ^ coret * ca ^y» It * s ® a fy to fay that ice lofes fo many de- 
impsafticable. grees which heat water only fo many. But then no ice muft be 
melted, which if not impoflible is extremely difficult, or whal 
is equally fo, the quantity melted mud be found, and an al- 
lowance made for the latent heat, which is itfelf not precifely 
afcertained, at lead not with fufficient accuracy for this pur* 
pofe. I have only to add that this gentleman's enquiries would 
have been earlier noticed if I had been informed of them, 
which I was only a few days ago. 

W. IRVINE. 


April, 1805. ' 


XII. K 

Short Account of fomeqf the moft remarkable Fads and Objbrva- 
rations in an Aerojlatic Voyage, made from Petcrjburgh , by 
Mejfrs . Robertson and Sacharofv, under the Sanction 
qf the Imperial Academy . W. N. 

Aeroftatic Yoy* TThE notice of an aerodatic voyage performed by Me(Trs* 
age^jrout eterf- R 0 b e rtfon and Sacharofl' from Peterlburgh, under the direction 
of the Imperial Academy of Sciences, June 30, 1804, of 
which an abridged account was given to the National Inditute 
of France*, is very interefting, from the feientide views and 
conduct of the managers Low it z and Robertfon, as well a? 
for its other particulars. 

Afcent of the Their balloon was a fphere of 30 feet diameter, and rofe 
obferJers. 1 tW ° a l a quarter pad feven in the evening, with the afcenhonal 
force of one pound, the whole weight of folid matter (includ* 
ing i 10 pounds of ('and for ballad) being 622 pounds. When 
they were over the river Neva, at the elevation of 108 loifes 
or 620 feet, they defeended a little by the condenfation of 
the gas; but rofe again by throwing out a little of the ballad. 
The ufual phenomenon of a flow relation of the balloon pre- 
fented itfelf, which doubtlefs arofe from the unequal action of 
the air againft an irregular furface, as we fee in mod other 
bodies rifing or falling in a fluid. 

* Indrted in the Annales de Chimie, LII. 121. 

But 
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Bot «nc of the mod (hiking circorodance* attending this Their diredtioa* 
vojrage is the rational means which thefe philofopers made • ’ 

•f to determine, and in a certain degree to regulate their courfe. 

They made ufe of two inftramems, a log and atelefcope. The 

log confided of two (heets of very thin paper, blacked, and—*of paper, &c. 

fixed at right angles to each other by a very light crofs of 

wood. This was fufpended from their car by a ftring of fixty 

feet in length, and affording a different reii ft a nee to the air 

from that of the balloon itfelf,f it was found to draw the ftring 

©at of the perpendicular direction, or as the narrators fey, to 

JMoss Che balloon : fo that by its pofition determined by com* * 

pafs they could afeertain what direction they were purfuing. 

It alfo (hewed by its relative rife and fall whether the apparatus 
was descending or afeending, before their barometer had indi- 
cated the flighted change. 

Their telefcope was applied to (hew the dire&ion of their Perpendicular 

courfe, and mud have been much lefs fubjelt to doubt than ^'dvthefr 

their log. Its application would he univerfal and perfeft, if courfe and veto* 

the earth could be feen at all times from the elevated regions of cit J , were fee “ 

on th t around. 

the air. It was direded perpendicularly downwards by means . 

of a plumb-line, and having a confideraWe magnifying power, 

the objects upon the'forfajpe of the earth were feen moving 

acrofs its field of view, arnik their direction would mod clearly - 

afeertain that of the car itfelf, and alfo its velocity. If, for 

example, the magnifying power were fifty times and the field Inveffigationof 

of view one degree, the vifible fpace included in that field ^curac^o/thii 

from an elevation of two miles would be about 180 feet in di- method. 

ameter, in which objects of fix or feven inches broad might be 

very well difiinguifhed through a favourable atmofphere; and 

at fo low a velocity as one mile an hour the whole field of view 

would be paffed over in about twelve feconds. Hence we fee 

that the method affords a con fid era ble degree of accuracy, 

and will not in general require any great power of magnifying 

or delicacy of observation. The computation would be founded 

on the following problem, which will not prefent any difficulty 

to thofe who are acquainted with thefe fubje&s, if the phyllcal 

allowances for temperature in barometrical admeafurements be 

admitted to be correct enough for this purpofe. 

f Or rather, perhaps, bqcaufe not exa&ly in the fam* current of 
the atmofphere. N. 

Given 
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Problem tor Given the temperature on the earth and in the car, th^ 
computing <h« height of the barometrical column, and the time employed in 
W^o? § *bf. the apparent tranfit of an o^eS on the earth through a given 
through a tele- angle or field of view; to find the velocity of the obferver. 
T]D«rf«f.lt. For pradice it would perhaps be fufficienlly exad and con- 
for praQiee. venient to compute a final! table, in which, negle&tng the tea- 
perature, the velocity in mile, per hour might be had by in* 
fpedion, when the height of the mercury, the time of Uanfit, 
and the magnifying power were known. 

The aeronauts having noticed by. their inflroments what 
were the direction of the current, of air at different height*, 
found themfelves in one which carried them efirediy toward* 
the Baltic. They therefore defcended till they faw by the ba. 
NMDeter that they bad returned to a current which carried them 
inland; and afterwards again role much higher, and fa w^ with 
great precifion by their telefcope the indent of their quitting 
the gulpb. When the barometer flood at 24 iache* they let 
go a pigeon, who flew with difficulty and would not quit tha 
balloon; but upon being precipitated he io vain endeavoured 
to regain it, and at length delcended rapidly toward.the earth. 
The tip Of the At ten at night the balloon had rifen to an height indicated by 
magnetic needle inchea of the mercurial- column, the thermometer (landing 

Wgto to* * l ‘“PP 01 ® centig™ 1 ®)- Here was thal M * 

air, SacbarofT carefully observed a phenomenon which had been 

i before remarked by M. Robertfon in hi# afcent from Hamburgh, 
bet at a much greater elevation. Their dipping needle was 
deranged ? but on infpe6ting the common compafs, iU needle 
was found to be no longer horizontal, the north end being 
This may afford elevated near tO degrees. On this phenomenon they remark 
means of fhew- |hal lhc magnetic attra&ion probably diimnifliing as the fqeare 
ing the hog ts, ^ diffa nG e may afford additional means of di*e$ifig future 
obfervers in the atmofphere, and even determine the elevation* 
independently of the barometer* From the prefent Novation 
e pigeon being thrown down, fell (b dire&Iy that it was doubted 
whether he could have readied the earth alive. 

Darknefs coming on, it became neceflary to defcend, during 

which the obferver repeatedly made an experiment which alfo 

eartli at^hc* dtf- promifes to be of great utility to voyagers in the air, as well as 
tanceoftwo to enlighten our conciufions refpeding the phenomena of 
found. When they fpoke through a trumpet dire&ed towards 
the earth, the voice was returned with extreme precifion and 

without 
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wlthoat Teeming to have loft any part of its intend ly. No re- No echo hot 
petition was made except when the trumpet was direded 
the earth; and the intervals of reded ion were different ac-:o the earth, 
cording to the elevation of the obfervers. The percuffion im- 
prefled on the air by the found every time produced a flight 
undulation in theaerofiat; whence they deduce an inference 
m favour of the fuppofed efficacy of cannon in partly modify* 
tag or averting thedifcharge of ftormy clouds. In one of their 
experiments, the found employed ten fecond* in its return, 
which would give a difiance of about two miles out and home, 
if the fame law of the velocity of found were fuppofed to 
prevail in the perpendicular couffo as along the fur face of. the 
earth, which however does not feem likely. The barometer, 
flood then at 27 inches, and at their outfet it was at SO Inches 
•n the ground. It would be eafy, and it is furely deftrable to 
make experiments with cannon and flop watches on the velo* 
etty of alcending, and if poifibie, defeending found. 

This reflexion of found or echo is a fubjefl of very great The ftreqgth of 
cariofity. There is perhaps no other inftance in nature w here 
fo extended a wall of reflection can be had. I am difpofed to on the ftiUacft ' 
think that the apparent intenfity of the returned found may in 
feme meafure have depended on the perfect Ale nee in which 
the fpeakers were placed. In a ftill night the centinels on the 
ramparts at Portfroouth may be heard at the Ifle of Wight # 
over a diftance of five miles, and there are numerous infiances 
of low founds, fuch as the beating of a clock or watch, or the 
founds of footfteps being heard to'confiderable difiances, when 
ether founds do not a£t on the organ of fenfe. * 

In their defeent to the earth they palled through various Sudden rife of 
flrata of vapours, all of different temperatures, and at the in- lhc thermometer 
fiant the earth came in fight, the thermometer ftarled up through m * efceniin S* 
foveral degrees, probably becaufe they had quilted a cold tnafs 
of vapour which ob feu red their view, or perhaps becaufe the 
radiant heat of the earth’s fur face might at that moment have 
readied them unimpaired, 

* See a curious paper of M. Perrole on found, with the annota- 
tions thereon, in the firft Vol. of our quarto Journal, page 4 11. — N, 
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XIII. 

Letter from Mr. Cut hearts on, containing "Remarks on AfrJ 
Wm. Wilson's and Mr. Hauy's Experiments on the Elec- 
tricity of Metals . 

To Mr. NICHOLSON. 

London , 54, Poland- Street, 
Dear Sir, April 2 4, 1805, 

I i 

N your valuable Journal fpr January, page 42, yon hav^ 
experiments on favoured us with a letter from Mr. Wilfon, containing, fom^ 
* experiments which he calls,, exhibiting the cle&rifity of metals* 
of copper fifted Mr. Wilfon fays in his table of experiments, that copper 
through zinc, filings fifted through zinc is positively electrified : this is aip 
error which I thought ray felf obliged to lake notice of, as it 
is a diredt contradiction to what I have aflerted in my e^aminay 
tion of Sig . Volta’s experiments , which he falls fundamental , and 
on which his theory of galvanifm refis ; fee (bis Journal, vol. II. 
controverted page 281 ;T have faid therein, that if a plate of zinc befepa^ 
pMhncm’of con - rate( * ^ ror P a copper one, it will be pofnjve, cpnfequently 
ua and fepara- leave the copper negative if infulated : whether thisexperi- 
t,on# ment be performed as I have therein mentioned, or according 

to Mr. Wilfon, the one reduced into flings, apd afterwards 
fifted through holes made in the other metal, the eledfricity 
excited muft fall under the fame denomination, the difference 
will be that the quantity of eledlricity excited will be moreby 
Mr. W.'s method than mine, becaufe he hi^ multiplied the fe* 
parations, a fad! well worth notice. 

Conu& and Mr. W.'s chief objedt in view feemingly, is to prove thap 

Reparation pro- th e f e p a ration of metals is the caufe of the elepiric fluid being 
dude the electric T " 

ttacej excited and not touching. I cannot perceive that thefe ex-i 

periments throw any light upon that fubjed, as both touching 
and feparating are here employed. 

but neither a& In my fecond volume on eledlricity, publiflied in Amfler-r 
willdo alone. dam, awno 1732 , I have proved by experiment that neither 
touching nor fri&ion feparalely employed excites eledlric fluid, 
fridtion and feparating join) ly employed, is a powerful excitef 
of eledlricity on glafs ; touching and feparating jointly em- 
ployed on glafs excite eledtric fluid in a flight degree, and 

only when the flate of the atmofphere is favourable. 

" ‘ ‘ ' 
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la the Philosophical Magazine for Nov. 1804, page 120, H«uy?sobf. aq 
jre have Mr. Haul's observation* on the electricity of metallic fu ^ 

fubdances: he does not inform us what fhape his fiber pieces 
were, or whether they were pure or with alloy ; he however uaperfeg, 
does not hedtate in pronouncing of it tp be pofitively electri- 
zed by fridion ; fo that it does not feem that he has entered 
spry wide into the fubje£t, or he would have perceived fome 
remarkable changes to take place in that metal by friction, Singular effe& 
and particularly in coins. They will change from pofitive 
negative, apd vice verjk, without any vifible caufe. If a dol- 
lar and a half-crown be (luck to the ends of two flicks of 
fealingrwax, and rubbed feparately upon woollen cloth, they 
will be found, after the friQion, fometimes pofitive and fome* 
times negative, and fpmetimes one pofitive and the other ne- 
gative, without varying the manner of fri&ion. If pure diver, 
or filver with different proportions of alloy, be melted down 
to a ballon, and ufed in that fhape, or hammered flat, repre- 
senting coins, they are for the mod part pofitive by friction. 

Thefe experiments upon metals are not new ; I believe they 
were firft begun by Mr. Henly, and inferted in the Philofo* 
phiral Tranfadions ; but I have not the data at hand, and I 
do not not remember that he had obferved the above-mentioned 
property of this metal. 


SCIENTIFIC NEWS, ACCOUNT OF BOOKS, &V. 


I 


Note on the Nov Planet Juno . 


HAVE not had any late account of the new planet an* Planet Juno* 
pounced at page 30) of pur 9th volume (Dec. 1804) in a let- 
ter from M. Bode. The difeoverer’s name, who is Mr. Haid- 
ing of Lilienthal, near Bremen, was not then mentioned.— 

For the prefent I give the following notes from the Journal de 
Pbyfique, Thermidor lad. 

On the 5th of September, 1304, its right afeenfion was 
1° 52'; declination 0? J 1' north. M. Burckhardt obferved it 
on the 23d of September at 359 ° 7' and 4° 6', whence he 
concludes that the duration of its revolution is five years and a 
half. Its inclination 21°; excentricity one quarter of its ra- 
dius; mean didance from the fun three limps greater than that 
of the earth, 

1 Its 
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serzwrinc imra* 


Ite diameter could not bemcafarCd, hut it appeared like a. 
ilar of the eighth magnitude. It teems nearly equal' to that of 
Ceres, or the planet difcovered by Piazzi. 


Kbproth dif- 


Difcovcry Fluoric Add in ike Topaz ;* 

Saxon topae IN the year 17&7, M. Vauquelin analyfed the Saxon topaz; 
toalykd bf and found its conftituent parts to be, lilex 31, alumine <>S. 
Brafitianby Mr. Defcotils foon after examined the Bratilian topaz; but as 
Pdcodla. there was a lofs of 1 & per cent, in his firft anal)fi$, and 12 in 
his Second, he did not think fit to publifli the refults of his la- 
bours at that time; and other circu in ftances prevented him 
from purfuing the inquiry, as he had intended. 

Kbproth dif- Not long ago Mr. Klaproth wrote to Mr. Hatty, that he had 
coveted fluoric found fluoric acid in the Saxon topaz. Mr. Laugier made fe- 
SaxotTtopax. experiments to verify this difcovcry, but without fuccefs. 

It is true in the analytic with potafli he found a deficiency of 
Sulphuric acid 16 per cent, but though he reduced the topaz to an impafpa- 
incapable of ex- y € powder, and did all he could to expel the fluoric acid from 
” * it by means of the fulphuric, he was unfuccrfsful. Mr. Vau-^ 

quelm on his return applied himfelf to the fame refearch, and 
we here prefent the refult of his labours. Not knowing what 
procefs Mr. Klaproth had employed, he tried that which 
Vauquelin feemed to him moll likely to fucceed. He firft heated the io- 
treatwg the^ p az w j ( j, cau fl; c potafli in a filver crucible in the ufual way. 
l°{h an(Tfulphu- After he had diluted the mafs with water, he introduced it into 
ric acid expelled a re ( 0r ( # an d poured on it fulphuric acid. White fumes foon 
the uoiic. aro (^ an d thefe, being collected, exhibited all the charades 
i flics of fluoric acid combined with (ilex. The latter came 
almofl wholly from the flone, as the retort was not perceptibly 
attacked by the acid. 

The BrafiUao. The fame experiment with the Brafilian topaz gave the fame 
Jro* ^fult; ar| d there is every reafon to believe, tliat the Siberian, 
which Mr. Vauquelin is now analyfing, will afford the fame 
produ£U, Thus we may now confider this gem as a filiceous 
compound, confifting of fluoric acid, alumine, and filex, ora 
Tops* a true true alumino-filiceous fluate; and the difeovery muft be confi- 
^lumino filiceous <] ere d as of the higheft importance in mineralogy. 


pclling it# 


Vauqueiin 
treating the 


the fluoric. 


The BrafiUao. 
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Iff. Vaoqaelm next inquired what might be thq circum- Circumftancc 
fttnce, that Jed him into an error when he firft anal y Jed the 
topaz; and he imagines, that it was his treating the aicaline fir ft auiyfit. 
mafs with muriatic acid, in (lead of employing the fulphuric; 
and that probably not heating it to a fufficient degree to expel 
the fluoric acid, from fear of decomposing the muriate of alu- 
mine, he precipitated the fluoric acid combined with the alu* 
mine, when he added ammonia to fcparate the alu mine from 
its muriatic folutioru 

Examination of Crude Platina, by Mtjfrt, Tevnamt and 
Wollaston,* 

THE editors of the Annates de Muftuni obferve, that pIa-W»nn* 
tina, when taken from the mine, appears from the experiments 
of Defcotils, Fourcroy, and Vauquelin, to be mixed with 
iron, chrome, and other metals, among which may be one or 
two that are new. Mr. Tennant has given names to two, and 
Dr. Wollafton to two others; but the French journalifts con- 
gratulate their countrymen for being lefs ha fly, and waiting till 
they are allured thefe new metals really exifl. r 


Prize dueftions in France . 

The Society of Agriculture and the Arts, in the department queftiom 
of the North, propofes for the fubje&s of two prizes, which 
(hall be adjudged, the firft in the firfl ofFru&idor, in the year the coif*. 
XIII. and the fecond in the firfl fortnight of Fru&idor, in the 
year XIV. the two following queflions ; 

Firft £urfiion.—' “ What method of propagating, rearing, 
feeding, and houfing the fheep of the race now exifling in the 
department of the North, ought to be followed in this depart- 
ment, to obtain wool from thefe animals, equal in quality to (he 
beft wools from Englith (beep 

Second duejlion . — An infe& known in the country under thd 
improper denomination o fpuceron, hasthisand feveral preceding 
years attackedand deflroyed the greater part of the flowers of the 
colza . — •* What is this infect ? Under what generic and fpecific 
Same have -the moil celebrated uaturalifts deferibed it ? What 

* ^Bulletin des Sciences, No. XC. p. 234, Sept. 1804. 
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is i(s fife # either in the ftate of coleoptera in which it is fixincf 
on the colza, or in the (late of larva ? What natural enemies* 
what artificial means of deftrudion can be oppofed to it in 
either ftate? Generally, what care can prefcrve the colza from 
its ravages V* 

Each of thefe two prizes will be a gold medal of the value 
pf 150 francs. 


Ruffian Circumnavigation . 

Jtofiun voyage By a courier, expedited By fhe governor of Kam Tchaika, news 
the world. wm received at Peterjfburgh on the 21 ft of December, that the 
vefTels belonging to the expedition round the world under the 
prders of hj. de Krufenftern, had arrived, on the 26th of July 
Jail, at the harbour of Peter and Paul, jn Kamfchatka, and 
jthat, up to this time M. Krufenftern had not loft a (ingle man 
of his retinue, nor had he any Tick in the fquadron. In his 
voyage he had vifited the Marquefas and Sandwich Iflands, 
M. Krufenflerp purpofed failing for Japan, towards the end of 
Auguft. 

Saropeans found At one of tlie fyfarqyefas, where the veflels flopped a few 
v^had^foigot ^ 9 days, he had taken on board a Frenchman and an Englifhman, 
ten their own to bring them back to Europe. Captain Krufenftern fays he 
kngo^ge* had not yet been able to difeover how thefe two individuals 
bad come to this ifland j both of them having completely for- 
gotten their original language. He thought however tjiat he 
could comprehend that they had arrived there on board an 
American veflfel which had been (hip wrecked on the coaft. 
The Frenchman fpeaks the language of the iftandjefs very yirell^ 
and has adopted all theipr cuftoms habits and manner. There 
is no doubt that they will Toon recover the ufeof their language, 
in a daily intercourfe with Europeans ; and that they will then 
be able to give an account of their adventures, as well as in? 
formation refpedting the iflanders, among whom they have lived 
fa long. At leaft, this is expelled with impatience. 

Geological Journey from the Academy at Warfaxv. 


Journies of dif- The Society of the Friends of the Sciences at Warfaw have 

eovery in mm®- charged two of its members, M. Carteau and Stacio, to under- 
i*l°hiftoTy. DatU " take a mineralogical and phyfical expedition into the Carpa- 
thian mountains. Another member of the fbciety has already 

examined 
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examined the eaftem part of them, with relation to raifler- 
alogy, gepgony and ory&ognofy. At this time he is travelling 
over the mountains in the interior of Auflria, from whence he 
will proceed to upper to the Alps of Switzerland. 

When this journey is compf€C^t,>Jbe will undertake another to 
Caucafus. 


Lalande ** Propojhl qf a new Scale qf the Thermometer • 

M. de Lalande propofes to adopt a thermometer-fcale, which New (cate of 
fall remedy all the inconveniences of thofe now in ufe. His thermometer, 
mean point is taken from the natural (late of the globe, which 
he fixes at 9| degrees of Reaumur 1 * thermometer, and he takes 
the 10 millionth part of the volume of mercury for the meafuro 
of a degree. Among the advantagesof this inflrumenthe reckons 
a hm pi ideation of expreflion, which will give a facility to com- 
prehending what was before without meaning to the public* 

For example, the degree of beat of common fummers, and the 
degree of cold of our mean winters, will be both exprefTed by 
30 : The degree of 40 will indicate a hot fummer and a fevere 
winter, &c.; another advantage will be derived from the fmaller 
interval of the degrees, which will remove the neceflity of 
having recourfe to fractions in the greater number of obferva- 
tions. The boiling point of water is -}- 1 32°.8 of the propofed 
thermometer, and — 74°.4 is the point of the congelation of 
mercury. Ice melts at — 17°. 9 and — 44°. 2 is the zero of 
Fahrenheit. 


Two Kinds qf Honey . 

In a note to Dr. Delametherie, Prouft announces the dif-Prouft on honey, 
covery of two kinds of honey ; the one liquid, the other dry, 
not deliquefcent, cryftallizable in its manner, and left faccha- 
rine than fugar : they are feparated by fpirit of wine, to which 
end granulated honey mull be operated on. 

/. de Phyfique . 


Palladium. 

Experiments made by Meflcs. Rofe and Gehlen, and others Attempts to 
by Richter, to obtain palladium, are given at length in the palladium 
Journal of Chemiftry, publilhed in German by Klaproth and Jd pUtinaT* 
Richter* 

Thefe 
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Thefe philofophers followed Mr. Chenevix's procefs with 
great care, but did not produce that metallic bod/. In the 
precipitation of muriate of mercury and muriate of plating* 
they had a black powder, which always afforded the metah 
feparate from eacli other. 

Richter was not more fuccefsful. He verified that 4b^ green 
fulphate of iron does not decompofe either the muriate of 
mercury or that of platina. The other fadls he obferved were 
lo the fame eflfedt as thofe of Rofe and Gehlen. He always 
found the mercury of his precipitate feparated from the platina 
by heat. 

Traitd ^ldmentaire d’Hiftoire Naturelle, &c. An elementary 

Treat) fe an Natural Hiftory , by A. M. Con st at Du m e'k r l : 

Compnfcd by Order of Government for the life of the National 

Lyceums , 1 VoL Svo. Paris*. 

Elementary There is not one of the faiences, the elementary works of 
^hTiftory^very ^ ave ^ >een 1°°^ neglected as natural hiflory. Some- 

4efe&ive. times this title has been given lo collections of tales fit only to 
aroufe children, but not calculated to make them acquainted 
with nature as a whole, and with the progrefs of the fcience; 
at other times authors have entered into difcufilons tooabftrufe, 
or contented themfelves with a mere nomenclature, always 
dry and flerile to beginners, to whom names give no idea of 
fc.D. has pur- objefts with which they are unacquainted. Mr. D. has pre- 
ftipd^abcttcr f erve d a j u ft medium between thefe extremes, while he ob- 
ferves an accurate and methodicar arrangement. He makes 
us acquainted with the whole of the productions of nature, and 
the method of ftudying and clatfing them, choofi ng for ex- 
amples in every feCtion fuch as are moft remarkable for their 
ufes or Angularity; he continually excites the attention and 
curiofity of his pupils; and he prefents to them a number of 
faCte neceflaryto be known. 

His arrangement Jn this work Mr. D. has adopted an arrangement, the reverfe 
thTmoftfimple w h a * ** ufdally employed in books of natural hifiory ; that 
things to the is, he alw'ays proceeds from the moft Ample to the moft com- 
snore complex. p| ex He begins with unorganized fubftances, proceeds hence 
to plants, and la ft !y to animals; and in thefe lie commences 

♦ Bulletin des Sciences, No. 90, p. 236, Sept. 18CH- 
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with zoophytes, and ends with man. This arrangement has Us advantages, 
tiie advantage of mfHlling ideas gradually into the mind of the 
fcholar, and avoiding a number of repetitions and anticipations. 

The hiftory of organifed fubflances gives him an idea of bodies 
anmixed with any other ideas : that of vegetables thows himr 
organization and life in their moft fimple ftate : and tbefe he 
perceives gradually become more complicated as he afcends 
through the different claries of the animal kingdom, fo that the 
biftory of each clafs is but little more than an expofition of 
die organs and faculties it enjoys beyond thofe of the pre- 
ceding. 

Though the difcuflion of any new idea feems contrary to the 
eflence of an elementary work, it is obvious, that fuch a work 
cannot be well executed bat by a man capable of conOdering 
the whole of a fcience in its proper point of view. In this 
refpelt the naturaJift will here read with pleafure the article of 
general obfer vat ions placed at the head of each part : he will 
dtftinguiQi tiie biftory of infects, which Mr. D. has treated Mr. D. has 
after a new plan : and he will notice the chapter on man, in fcl^ona'aeiv 
which the author difplays the phyfica] charaders that diftinguifh plan, 

*aa from brutes, and the confequences refpeding his manners 
that arife from his very ftrudure. This chapter may be con- 
fibred as the conneding link between phyfics and raeta- 
pbyfks. 

Siemens de l’Art de la Teintare, &c. or Element* qf the Art 
of Dying ; tbitk a Dejlription qf the Procefi of Bleaching by the 
Qxigcnated Muriatic Add . Second Edition : by C. L. and 
A. B. Be&thollet. Paris, 

This new edition of a work of the firft merit and celebrity BerthoJkt on 
» fpoken of in tbe Foreign Journals, as being confiderably dym ** 
improved by the former author and his fon. The great perf- 
picaity and order which are feen in all the produdions of this 
eminent chemift, and his own unremitted labours in tbe fci- 
ence, are a fure guarantee to the fame efled. 


CoafiderQ/wnstm Organized Beings, By]. C. Delametiierik, 

The fcience of natural hiftory is indebted to M. Delame- Delametherie on 
Ihcrie for feveral iitterefting works which contain ideas of *6- £!ngs* td 
Outage to the progrefs of human knowledge. Befides the 
£ Journal 
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journal de Pby&que, &c. of which he is ihe editbr, he Vais 
publifhed a Theory of the Earth ; a Treatife on Man ; differ J 
ent Phyfiological Views of the animal and vegetable Kingdoms, 
on Vital Air, &c. In this new work the author compares thd 
ftrudure of ani mails and plants* and applies to vegetables the 
different fyflems of apparatdfes of orgatfts and vital fun£tions, j 
which X. Bichat has propofed in his Geheral Anatomy. M. 
Delametherie has benefited by the experiments and labours of 
feveral philofophers of merit. All; perhaps, may n6t adopt 
feme of the opinions he offers, the conqueft of minds being 
ftill more difficult than that of hearts ; but they, at Ieaft, de-i 
ferve examination, and may lead to‘ uneKpeded refolts. 

Bibliothcqut dt Sontm: 


To CORRESPONDENT S< 

My btft acknowledgements are due to Mr, D. who has favoured 
this work with a preeije Jlatement qf the elucidation of Mr. Bo s- 
well’s j'econd proportion ; but he will perceive that the paper qf 
Mr. Gough, which was already printed when his letter came to 
hand , has rendered it urmectjjuty . 

/ believe the readers of this Journal will think with me, that the 
difpute between C. L. and Mr. E. Walker has proceeded at 
kafi at far as the interefts of Jcience demand. In a letter from 
C. L. brfore me, 1 have fuppofed the following explanatory Jen* 
tences to afford no new ground for dijtvffion, and therefore ex* 
trail them , and hope the bujinefs will end htre. C. L .fays : 

“ I cannot conceive how expreffions Jb pluin could be tnifun • 

derfiood, and hope you will permit me to endeavour to make 
44 them plainer if poffible. I have denied Mr. Walker's 
g$ fads ; that is, l have denied the truth of his narrative refpeft* 
44 ing certain fuppofed fads, and 1 hare pointed out an cajy 
44 way of convincing me and the world that he is not deceived ; 
44 namely , that you Jhould repeat his experiments , and fee if what 
44 he affert8 be true. But Mr. Walker declines examining 
44 the remainder of my letter, which is an indiftinU, though 
44 fufficiqntly clear way of Jbyittg , that he does not ckooje to r\jk 
4t hUfuppojtd facts by putting them to fuch a trial ” 
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ARTICLE I. 

Experiments on the Cafes obtained by the dcftru&ive Difiillation 
of Wood , Peat, Pit-Coal , Oil, Wax, fyc, with a View to the 
Theory of their Combuftion, when employed as Sources of 
artificial Light; and including Obj treat ions on Hydro - 
Carburets in general, and the Carbonic Oxide: By Mr . 

William Henry. (Communicated by the Authw.) 

The gas obtained by the definitive difiillation of pit-coal, ProcefsofMr. 
has become an object of confiderable intereft and importance, ^natcby^ai 1 ^ 
in confequence of its fuccefsful application (by Mr. Murdoch, from coal, 
of Soho, near Birmingham*) to the purpofe of affording light. 

Having conflruted an Argand’s lamp lafl winter, with the 

view of eflfe&ing the combuftion of the gas on Mr. Murdoch’s • 

plan, I made previous trials with pure hydrogen gas, with • 

carburet led hydrogen obtained by palling vi f er over ignited 

charcoal, and with the carbonic oxide ; but tound that each Neither hirfro- 

of them burned with fo trifling a produ6tion of light, as to be ® e f carbonic 

altogether unfit for the purpofe of illumination ; while the light notable light; 

evolved by the gag from coal was little, if at all, inferior to but , the 

' coal is nearly 

equal to oiU 

* See the ftatement of Mr. M's claim to the difeovery in the 
poftfeript. 

Vol. XI,— June, 180$. ~ F that 
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that from good fperraaceti oil. So effential a difference in 
com bull ion of thefe gafes, induced roe at firft to believe, that 
the gas from coal owes its illuminating property to fomethin g 
mechanically lufpended in it ; but I was afterwards fatistied* 
that though it contains, when recently prepared, much that 
This lift gat is fublequently depofited, yet that its quality of burning with 
much (though a bright and compaft flame belongs to it, though certainly 
dimimfted) light with confiderable diminution, as a permanent gas, after the 
Ihed it* h condcn^ feparation °f all condenfible matter. It appeared, therefore,, 
fible matter. worthy of inveftigation to determine, on what the fuperior 
filnefs of the gas from coal, for evolving light, depends ; and 
to conned the theory of its com bullion with that of other fub- 
' (lances, commonly employed as fources of artificial light.. 

Products by With this view, numerous comparative eHperiments were 

ftom^coafwith* mac * e on ra P*^ combuftion of this gas with oxigenous gaa 
oxigen and alfo in clofe veffels, and alio on that of other inflammable gafes f 
•iher gates. and iheir compofition may be inferred from the products of 
thefe experiments, the principal refults of which are contained 
in the following table : 



Oxigen Gas required 
to faturatc ico 

Carbonic Acid' 

Rind of Gas* 

Meafures. 

produced. 

Table of refults* Parc hydrogen. 

50 10 54 


Gas from moifl charcoal. 

60 

35 

wood (oak) 

54 

S3 

dried peat. 

68 

43 

coal, or cannel 

, 170 

100 * 

■ — — lamp-oil. 

190 

- 12*4 

wax. 

220 

- 137 

Pure olefiant gas. 

284 

- 179 


If the meafure Now if it beaffumed (which I believe is as nearly as pof* 
of carbonic acid fib) e t he fad) that in the formation of each meafure of carbonic 
dI!aed C from the acid, in the above experiments, an equal volume of oxigen 
whole oxigen gas is employed*, we (hall learn, by deduding the numbers in 
employed, the jbe 

remainder will 

fureof oxigen * Mr. CruickJhank takes it for granted, as die bafis of his cat- 

whichwasetn- culations, that in forming fix raeafures of carbonic acid, feven 
■ P n^thVh dr^ n mca ^ ure$ °*fe enou# S as m employed* This proportion I be- 
ef 8 die gas ;°and lie ve to be over-eftimated. Dr. PrieftJey obferves, (on Air, 2d 
this laft doubled Edition, III. 377), “ I heated 8J grains of perfect charcoal in 70 
will give the ouncc meafures of dephlogi (Heated air* when it dill remained 70 ou 

*•* 


Digitized by Google 



W** HfcNRY OK COMBUSTIBLE G A SE$Y 

fte third column from the correfponding one in the fecond, metfureofhy- 

^d»t proportion of the con fumed oxigen has been allotted to 

the fat oral ion of the hydrogen of each hydrcvcarburet. Thus, ^ * 

far example, in the combuftion of the gas from coal, 70 parts 

of oxigen have di (appeared, befides that which has entered 

into the carbonic acid{ and, jince each meafure of oxigen 

fatoratea two of hydrogen gas, the gas from coal mull contain, 

hi lOO meafaresj a quantity of hydrogen which, expanded to 

ks a foal elafticity, would occupy 140 meafures. By a fimilar 

mode of eftiraation, the quantity of hydrogen in other fpecres 

of inflammable gas may be afcertained 5 viz. by fubtra&ing 

the number in the third from the correfponding one in the 

fecond column, in each inftance, and doubling the remainder. 

The above experiments fufficiently explain why the gas Theft feat ex* 
from coal evolves fo much more light, during combuftion, 
than either hydrogen or the hydro-carburet from moift char- from the rot 
coal, becaufe, in an equal volume, it includes, in its com- P 9 ' The K i ht 
pofition, above thrice the quantity of inflammable matter pre- 
fent in hydrogen gas, and nearly thrice as . much as is con- required for the 
tained in the gas from moift charcoal. The appreciation 0 f comkuftiwu 
the degree of comhuftibility of each gas, by the quantity of 
oxigen required for its faturation, entirely agrees, as might 
naturally be expeded, with that founded on the phenomena 
of ftlent com bu ft ion in an Argand's lamp ; for each gas teemed 
to me to evolve light, as nearly as could be judged, in pro- 
portion to the quantity of oxigen confuroed by its detonation 
b a dofe veflel. Above all others, the olefiant gas * is de- 
cidedly entitled to rank, by the fplendor and beauty of the 
Kgbt which it yields 5 and the violence of its detonation, when > 
fired with a mixture of oxigen gas, alfo furpafles that of 
every other inflammable gas. By exploding only .03 of a 
cobic inch with .17 of oxigen gas, a ftrong glafs tube was 

m. ; but, after waihing in water, was reduced to 40 ox. m.” In 
this experiment one grain and i of charcoal was confumed, and 30 
02. m. of carbonic acid were generated, without any change in the 
volume of the oxigenous gas. 

• A full abftra& of the memoir of Meflrs. Deiman, See. on this 
intcrefting gas, may be feen in the 1ft Vol. of the 4 to Series of this 
Journal. Its chaja&eriftic property is that of being rapidly con- 
den fed into oil, by contafr with oxigenixed muriatif add gas. 

F 2 (battered 
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(havered with violence; and a Volta’s eudiometer, £ of aw 
ii>ch in ihickoefs was burft by lefs than a cubic inch of a mix* 
Specific gravity ture of the two gafes. The fpecific gravity of the inflamma- 
b^gaa^freed*" ble when perfectly freed from carbonic acid, is another 

from carbonic competent teft of their fitnefs as fouTces of light. Thus the 
acid) isateftof fpecjfc gravity of the gas from moift charcoal, (common air 
ford light. being lOOQ) according to Cruickfhank, is 480; of the hydro* 
carburet from alcohol 520, and of the olefiant gas, as deter? 
mined by the Qutch chemifts, 909. 

It is probable From the limitation to the proportions, in which bodies in 
that the inflam- g ei j era i having a. fufeeptibility of chemical Union, are capa- 
mixtures of few ole of combining, it feems to roe reafonable to inter, that car- 
fimple gafes. bon atyd hydrogen do not unite in all pofiible proportions, form- 
ing fo many di Hindi compounds; but that the various inflam- 
mable gafes are mixtures of a very few frmple ones. Of thofe 
at prefent known, pure hydrogen gas; the carbu relied hydro- 
gen, which by combuHion affords an equal bulk of carbonic 


Gas from coal 
appears to be 
hydro- carburet 
with perhaps 
fome carbonic 
oxide. 


acid, end confumes twice its bulk of oxigen ; the carbonic 
oxide; and the olefiant gas, it will appear, may be traced in 
the mixed gafes comprehended in the forgoing table. The 
gas from coal 1 apprehend to be principally hydro-carboret,. 
with perhaps fome portion of carbonic oxide, the presence of 
which lafl is rendered probable, becaufe the gas from coal is 
faturated by lefs than twice its bulk of oxigen, though it gives 
an equal volume of carbonic acid. Now the gas from marAies* 
which, with Mr. Cruicklhank, Mr. Dalton finds to be hydro- 
car buret, contaminated with about 20 per cent . azotic gas, con- 
fumes, making allowance for this adulteration, double its vo- 
lume of oxigen gas; and iince the gas from coal requires a lefs 
proportion than this of oxigen, and yet gives an equal pro- 
duct of carbonic acid with that from marfhes, it is fair to pre- 
fume, that it muft previoufly have contained fome oxigen. 
which, after wafliing it with lime-water, can fubfift in no 
qther (late than that of the carbonic oxide. 


£ as from Ignited 
charcoal and 
water is probably 
carbonic oxide 
with hydrogen 
and a little hy- 
dro-carburet. 


The gas obtained by decom poling water over ignited char- 
coal, is mod probably a mixture of carbonic oxide with hydro- 
gen gas, and perhaps a little hydro-carburet. On no othef 
preemption can the refults of its combuflion be explained ; 
fince the quantity of oxigen required in faturating 100 meafures 
fs only ten more than are confuraed by 100 meafuresof pure 
hydrogen, though 35 m. of carbonic acid, containing at lead 
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S5 of oxi gen, are found after combuflion. Now, according 

lo Mr. Oruickfhaok, thefe 25 m. of carbonic Acid, if formed 

from carbonic oxide, would require only 15 additional tnea- 

fares of oxrgen gas, which is not very remote from the truth. 

Reafoning in the fame mode, the gales from wood and from peat Cafes from 

will appear to be rtixtfires in different proportions of two art wo ® d from 

r r , - peat contain left 

leaft df the above-mentioned, viz. hydrogen, and the carbo- 0 f unpombined 

me oxide. Tbe refults of the com bullion of the gafes from inflammable 
i ■ ... r A matter than the 

wood and peat evince that they differ conuderabfy from tnat^i 

obtained from coal; and contain much lefs uncombined in- , r 

flammable matter. Another circumftance of diftin&ion alfo 
i«f that, before being wafhed with lime-liquor, the gas recently 
prepared from wood or from peat, contains from J to f its bulk 
of carbonic acid ; Whereas the gas from coal loles by this ab- 
lation only Tr dm ^ to tV- * Bn my fir ft experiment, I found 
a large admixture of azote in all thefe gafes; but this after- s 

wards proved to be accidental and notefiential ; fince.by cares- 
fill d filiation in glafs retorts, of thb fubftances that afforded 
them, the gafes were obtaiaed entirely free from this conta- 
mination. 

The gafes obtained by the deftrn&ive diflillation of oil andThe gafes from 

of wax, it may be obferved in the table, confume cOofider- 011 and from 

ably more oxigfen than the gas from coal. This circiMnftancelhydro-carburets, 

firft led me toTufped that they might poffibfy be mrfclures ©#? t !; e P t lha t thc 
. , - . . - . ; , . , . contains 

the olefiant gas with carburetted hydrogen; and on apply- one-eighth and 

ing the oxygenized muriatic acid gas, this fufpicion Was fully * hc latter one- 
wified. One* meafisfe of the gas from oil with one of thega£ rth ° f olcfiant 
oxygenized gas, were reduced fpeedily to If; alike diminu- 
tion was pfoduced in the gas from tallow ; and that from wax 
had its bulk ftill further con traded, only If m, being left by 
frmilar proportions* 

*The condeafible produ&s alfo of coal probably differ from thofe 
of wood and peat, ff an intermediate veflel be placed fpr their 
reception, it emits, after the diftillation, a ftrong fmell of ammo- 
nia. This was long ago obferved by Lord Dundonald, who enu- 
merates, among other produds of coal, the volatile alkali (fee a 
pnnphfet u on the Cfes and Qualities of Coal Tar,” publj/hed by 
his Lord th ip in 1785.) This production of ammonia I have no* 
oMenrcd From peat or wood ; nor do I find it mentioned m a Hif- 
tory of Peat, including the refahS of its diftillation, &c. publifhed 
m the fccoUd vobof the Edinburgh “ Effays Phyfical and Ljjefary.* 

5 In 
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tn order to afcertain how much of the diminution was owing 
to the condenfation of olefiant gas, the proportion of oxygen- 
ized acid, required for the faturation of that gas, was care- 
fully afcertained. After feveral trials, it was found that 3 m. of 
the oxygenized acid with 2\ pure olefiant gas, prepared accord- 
ing to the Dutch chemifts, left only 0.15 m, of common air 
derived from the veflels. It appears, therefore, that (he gas 
from oil and from tallow contains about , and that from wax 
| olefiant gas, the red being pure hydro-carburet. 

Hence It it ken The re fulls of thefe experiments, in connexion with a fa6l 
why wafting di- communicated to me by Mr. Dalton, explain feme circum- 
produft ofc«r- 0 ances obferved by Mr. Cruickftiank, for which that ingenious 
tonic acid af- chemift was at a lofs to account, viz. the great variation in 
in^aii hydro-"* P roc ^ u ^ s °f carbonic acid, obtained by burning the fame 
carburet. For hydrocarburet when wafhed and when unwafhed, or when 
olefiaiu gas* 7 ^ ^ e P* * n conla ^ with water; though the gas, when ori- 
ginally procured, was perfectly free from carbonic acid. The 
olefiant gas, Mr. Dalton has afcertained, is far more ab for li- 
able by water than other fpecies of hydrocarburet, viz. in the 
proportion nearly of £. Now the gas from camphor, I find 
to contain mud) olefiant gas, and indeed this might have been 
inferred from Mr. Cruick (hank’s own fiatement, who obferves 
that this gas, by admixture with oxygenized muriatic acid, 
undergoes a confiderable diminution of bulk. The pure hydro- 
carburet, on the contrary, I have never feen at all condenfed 
by contact with this gas, in the rapid manner obfervabfe in 
olefiant gas or mixtures containing it; though, by confinement 
together for fome hours, they are mutually decompofed into 
common muriatic acid, carbonic acid, and water. The hydro- 
carburets from ether and alcohol alfo contain olefiant gas; and 
this, I apprehend, will be found to be the fad with afiinfiam- 
1 ^ mable gafes, which by combuftion give more than their own 

thedfffcrcn'cc in bulk carbonic acid. The variable produfts of carbonic 
orb. add pro- acid, obtained in Mr. Cruikfhapk’s experiments, from equat 
quantities of different hydrocarburets, cannot, therefore, be 
confidered as denoting fo many ditlinfl fpecies of carburetted 
hydrogen; but as owing to the admixture with this of various 
proportions of olefiant gas. 

Error of that I 1 will not, I am peffuaded, be regarded as indicating a 
author refped- w ifh to delrafl, in the ftnalleft degree, from the credit due to 
ti!5» of wbu- 11 ’ Mr. (pruik (frank, whofe memoirs on the hydrocarburets and 

retted hydrogen farbppfri 

-gafei. 


Hydrocarburets 
from ether and 
alcohol alf > con- 
tain ol. gas ; 
which is the 


du&s by Mr. 
Cruikftank. 
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'Carbonic oxide I eftimate among the mod ingenious, and ge- 
nerally (peaking, the mod (atisfadory examples of chemical 
refearcb, if I obferve that the pari of his table (vol. V. p. 8 
of the 4to feries of this Journal) which relates to the conditu- 
feion of the catburetted hydrogen gafes, I confider as entirely 
erroneous. To excite ftrong fufpicion of the accuracy of the 
proportions afligned to thefe gafes, it is farely fufficient that 
•ne of them *(the gas from moid charcoal) is dated to contain 
in 100 cub. in. ~ 1 4f grains, no lefs than 9 grains of water, a 
proportion abfolutely inconceivable ; and the fame objection 
applies, in a lefs degree, t*> the other cafes. Now in 100 
cubic inches of the muriatic acid gas, I found the abfolute 
quantity of combined water to be only 1.4 gr. (Phil. Tranf. 

1S00) ; and it is rendered highly probable, by the experiments 
of Clement and Deforme (Ann. dc Ckim . XLII. 121) that all 
gafes contain the fame quantity of water. In the indance of 
the gas from charcoal, Mr. C. was mod probably mifled, by 
not having fufpe&ed the prefence of the carbonic oxide; and 
the correction is to be made as follows. One hundred cubic 
inches (=14f grains) combined with the proper quantity of 
oxigen, gave 19 gTarns wf carbonic acid, containing very 
Nearly 4 grains of carbon ; and fuppofing the carbon in the gas 
before combudion to have been in the date of carbonic oxide, 
it would be combined with about 9 grains of oxygen, and 
would con&itute tS gr. or 43f cub. in. of carbonic oxide. — 

There remains then only if grain, of the 14| fubmitted to 
experiment to be accounted for, which is very exactly made 
up by the refiduary 57 \ cub. in. of hydrogen gas, taking the 
weight of JdO cub. in. of hidrogen to be 2.6 gr. The water 
contained in the gas may, I think, be fet out of thequedion; 
for it mud be recolle&ed that the produdt of the combudion is 
in part aeriform ; and it may be conddered as a tolerable ap- 
proximation to the truth, that the gas from charcoal contains, 
in 100 inches, 43 of carbonic oxide, the remainder being 
principally hydrogen gas. 

. With refpeft to the prefence of hydrogen in the carbonic Carbsnic oxide 

oxide, which has been a topic of controverfy, neither the fadt^ 8 ” ot c f" ta ‘ n 
, T w * i r • . . , combined hidro- 

nor the negative can, I tnink, be at prefent with certainty af-gen, & c. 

firmed. If however any hydrogen be contained in it, I fhould 

deem it an accidental and not an eflential ingredient, and am 

of opinion that, if prefect at all, it exids in the date of hydro- 

gen 
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Elucidation of 
the theory of 
lamps, Sec, 


7fr 

g?n gas; for I find that the carbonic oxide is not expanded 
ele&rical di (charges, which would aflTuredly happen if the car* 
buret ted hydrogen were ope of its ponAjloents, or accidentally* 
mixed with it. ■ * 

To return to the theory of lamps, Sec, it. is. proved by 
preceding experiments, that the fubflances ordinarily em# 
ployed as fources of artificial light, yiz. oil, tallow, and wax* 
afford when fu braided to an increased temperature, macb ole-* 
fiant gas; and it has been juftly observed by the editor ^>f this 
Journal (4to feries I. 71) " that the wick of a lamp or candle* 
{unrounded by flame is exactly in the iUuation of a body ex* 
pofed to deftruciivf diftillation in a clofe veflel.” In Lhi&cafo / 
the feries of capillary tubes compofing the wick, ferve perhaps 
precifely the fame office as a tube horizontally difpofed in a 
heated furnace, through which an inflammable liquid is tranfo 
milted. The fuel previqufly melted, is drawn tip into thefe 
ignited capillary tubes, ai>d there fefolved into olefiant anti 
oarburetted hydrogen gafes, from the corabuflion of whiefe 
gafes, and not merely of a condenfible vapour, it appears to* 
me that the illumination phiefly proceeds. Hence itis not im- 
burned. Whence probable, that the proportion of olefiant gas and hydrocar^ 
fueMo buret, obtained by the diftiUulioe of any fubflance, will be m 
sninous flame tolerable meafure of its fitnefs for affording light. In difti!* 
fr^m^s deftruc Prions ^is kind* however, the flegnee of beat’ U of con- 
tive diftilia* fiderable moment, for X have found that the olefiant gas may 
tion. be obtained or not, at pleasure, during the decomposition of 

ether, alcohol, oil, §cc. by varying the temperature to which 
the containing veffels are expofed. 

The gafes from * n 1 ^ ^ rom coal * • and w< > 0< ^ though thefe fub- 


The oil. Sec, is 
decomposed in 
the wick. 


—into olefiant 
and ca buretted 
hydrogen gafes, 
which are then 


coal, See. though fiauces yield no olefiant gas, the defe& is conciliated by an* 
inflammable vapour diffqfed through them when recent, and 
which is even not removed by puffing through a (mall quantity 
of water. Ga» from coal, however, which had flood over 
water upwards of a. month* I bare found burns with oonfi- 
derably impaired brilliancy, though dill with a far more denfci 
and bright flame than hydrogen gaa, or the. gas from char- 
coal. 

Manckejkr) May 4, 1804* 


they offered no 
olefiant gas, 
afford much 
light by an in- 
flammable 
▼apour when 
recent. 
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POSTSCRIPT. mm „ 

Since tbe preceding pages were written, I have examined 
a. frefh portion of the gas. from coal, obtained' by very caolioos^p/^*^^ , 
ddhlktioo, with a view to afeertain whether any olefiant gasm* acid gas ro^ 
can be procured from that fubfiance. Of this gas five meafures*^^ ^ ^ 
mixed with five of oxygenized muriatic acid, were reduced to gas. 
nine; from which *t fhould appear that the gas from coal may 
poftbly pontain of olefiant gas. The produ&ion of oil, 
however, was not fo manifeft as in other infiances; and I 
jtdged it to- have happened chiefly becaufe am iridefceiM film 
was vitihle on the furface of the water when held between the 
eye and the fight. 

I am enabled alfo, by a letter received this morning from a Hiftory of Mr. 

friend who is well acquainted with the prog refs of Mr. Mur- Murdoch’s ex- 
, . _ . . r • * periments for 

dooh’s experiments, in anfwer to fome queries from me, to giving light by 

Hate fpecificafly thegrownds of that gentleman’s claim to the V s pit- 

hnportant application of coal as a fource of artificial light. — 

This I cannot do better than by an extract from the* letter. 

“ In the .year 1792, at which time Mr. Murdoch refided at 
fUdsuth in Cornwall, as Boa lion and Watts principal agent 
and manager of engines in that county, he commenced a fo- 
rks of experiments upon tbe quality and quality of the gafes 
contained us different fubftances. In Ihecourfe of thefe, he 
reinvkedj that* the- gas obtained by diftHlation from Coal, peat, 
wood, and other m flammable fubfiarrces, burnt with great 
britfiancy upon being fist fire to; and it occurred to him, that 
by confining and conducing it through tubes, it might be cm- 1 
ployed as an economical fubftitote for lamps and candles. The 
diftillation was - performed in iron retorts, and the gas con- 
dnSed through tinned iron and copper tubes, to the difiaiice 
of 70 feet. At this termination, as well as at intermediate 
points, the gas was fct fire to, as it palled through apertures 
of difiepeni diameters and forms, purpofely varied with a view 
of afoertaimng which would anfwer beft. In fome, the gasr 
iliked through a number of fmalf holes, like the head of a wa- 
tering pan ; in others it- was thrown out in thin long (heets, and 
again in others in circular ones, upon the principle of Argand*$ 
lamp. Bags of leather and of varnifhed filk, bladders, and 
veflels of tinned iron were filled with the gas, which was fet 
fire to, and carried about from room to room, with a view of 

afcer- * 
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Hiftor j of Mr. 
Murdoch’s ex- 
periments for 
fivksf light by 
fas from pit 
*mL 


afeertaining how far it could be made to anfwer the purpofe of 
a moveable or transferable light. Trials were likewife made 
of the different quantities and qualities of gas produced by 
coals of various defcriptions, fuch as the Swanfea, Haverford- 
west, Newcaftle, Sbroplhire, Staflordfhire, and foae kinds 
of Scotch coals." 

“ Mr. Murdoch's con (tint occupations prevented his giving- 
farther attention to the futyect at that time; but he again 
availed himfelf of a moment of leifure to repeat his experi- 
ments upon coal and peat, at Old Cumnock in Ayrfbire in 
1797 ; and it may be proper to notice that both thefe, and the 
former ones, were exhibited to numerous fpedators, who, if 
neceflary, can atteft them. In 1798, he conftruded an ap- 
paratus at Soho Foundry, which was applied during many file- 
ceflive nights, to the lighting of the building; when the ex- 
periments upon different apertures were repeated and ex- 
tended upon a large feale. Various methods were alio prac- 
ticed of wafhing and purifying the air* to get rid of the fmoke 
and fmell. Thefe experiments were continued, with occa- 
sional interruptions, until the epoch of the peace in the fpring 
of 1802, when the illumination of the Soho mamifa&ory af- 
forded an opportunity of making a public difplay of the new 
lights; and they were made to conftitute a principal feature in 
that exhibition. I do not know exadly at what time the firft 
trials were made, or publilhed in France. The fird notice 
we received of them here, was in a letter from a friend at 
Paris, dated the 8th of Nov, 160!, in which he defires me 
to inform Mr. Murdoch, that a perfon had lighted up htshoufe 
and gardens with the gas obtained from wood and coal, and 
bad it in contemplation to light up the city of Paris." 

“ After mentioning the above, I think it is proper to date 
alfo, (hat in the ovens conftruded upon Lord Dundonald's plan, 
at Calcutta in Shropfliire, for the purpofe of faving the tar, 
&c. which efcapes during the coaking of coal, it has been 
ufual for a number of years pad to fet fire to the large current 
of gas as it dies off, and thus procure a bright illumination. 
This however was not known to Mr. Murdoch, and was ne- 
ver feen by liiqi. ” 


Etperi- 
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II. 

' Experiments on the Anahfis of Goulard's Ext raft, or the AquM 
Luharzyri aceiaii. By John Bos roc k, M. D. Commu - 
vacated by the Author . 

To Mr. NICHOLSON, 

Dear Sir, 

X HAVE the pleafure to tranfmit to you feme experiments 
on the analyfis of Goulard's extract, which I hope you may 
think not unworthy of a place in your Journal. 

I am. Sir, 

Your obedient Servant, 

Liverpool , JOHN BOSTOCK. 

May 5, 180 5. 

During the courfe of fome experiments on the analytis of The e*tnft of 
animal fluids, I was led to obferve the effect of the aqua H- 
thargyri acetati, or the extras of Goulard, as a coagulator more then the 
of mucus, and particularly to notice the fuperiority of its power aceUteof 
over that of the acetate of lead. From thefe circumflances I 
was induced to examine into the opinions that had been enter- 
tained refpe&ing its competition, but was not able to obtain 
any fatisfa&ory information. Although it is a compound fo 
well known, and fo frequently employed, it appears never to 
have been made the fubjedt of chemical analyfis. In Dr. it has not ten 
Thomfbm’s Syflem of Chemiflry it i3 not diftinguifhed from cammed, 
the common acetate of lead; • Dr. Murray informs us, that 
*' it is merely a folution of acetate of lead in water, with an 
99 excefs of acid;f” and Dr. Duncan, Jun. conceives, that 
it does not differ from a folution of the acetate of lead of the 
fame ftrength. { We meet with nothing fpecific refpedling its 
conflitution in M. Fourcroy's " Syfteme ”, § nor is there any 
light thrown upon it by his acute commentator Proufl. || In 
this dearth of information, I proceeded to make the following 
experiments, 

*pbem. III. 52. + Mat. Med. II. 223 . J Edin. Difp. p. 506 

f yjlf. 30?. H JouA. phyf. LVI. 207. 

To 
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Experiments on 1 . To 200 grains of diftilled water were added 60 grains of 
The°conimon n * acetate of lead, in its ufual cryftalline date; the fluid was kept 
acetate of lead for about an hour at the boiling temperature, and was after- 
watar!^ 01 ^ ^ war ^ s filtered. The refid ue, when dried, did not amount to 
more than 2 grains; this was boiled in a frelh quantity of water, 
when about half of it was diflolved, but one grain flill re- 
mained not a&ed upon by the water. It appeared, therefore, 
that a faturated folation of the acetate of lead wai formed; it 
was tranfparent and colourlefs; it flightly reddened paper 
fiained with litmus. 

This was pre- 2* A folution of the carbonate of potafh was prepared, in the 
cipitatedby car- proportion of 11.25 grains of potafh to 100 grains of water. 
iTgavVclevca 01 To 40 grains of the folution of the acetate of lead from No. 1 , 
parts carbonate a quantity of this folution of potafh was gradually added ; a 
m lcad * copious precipitate of the carbonate of lead was produced ; 

after the addition of 60 grains of the alcaline folution there 
was no farther precipitation, and the fluid flightly affe&ed a 
paper foaked in the infufion of the mallow flower. The pre- 
cipitate was Carefully cohered, and being dried by a gentle 
beat, afforded eight grains of carbonate of lead. 

Goofatfs e*- 3. Forty grains of aqua lithargyri ucetaM were treated in 

tr»ft§a**€tev«ithe fame maimer with the carbonate of potafh; the precipitate 
^ formed: appeared mere copious than in the former experiment* 
and after the addition of 40 grains only of the alkali, no farther 
effect fee reed to be produced; the fluid affe&ed the mallow-^ 
paper in the fame degree as in (he former experiment. The 
precipitate, being colle&ed and dried, weighed 1 1 grains. 
Irdi*‘ in* raft * 4. The aqfua iitkatgyri acelati did net in any degree redden 

a«n litm«*p*pcr. litmas paper; a few drops of K were? added to half art ounce 
with litmus Tn- ^ Htmrus ; a precipitate of a beautiful light 

fufion. blue was immediately formed, while the fluid was left trail f- 

parent and nearly colourlefs. 

The folution of Twenty grains of the folation of acetate of lead. No. ! # 

acetate gave 4 gr. were ftowiy evaporated ; the fluid became extremely rifeid, 
duTby evap^ 6 " alv * al k* 1 ^* 1 * > n feme degree,* brittle and tranfparent, and af- 
firmed the appearance of dried gum. It weighed about foutf 
grains. 

Aqualith. acet. fi* Twenty grains of the aqua lithargyri acctati were eva-* 
g.we 5 gr. white porated in the fame manner; it became white and opake, and 
«P*lte refidue. p roC3e fa vtas Completed, il OxhibPted the appearanefe 

of a number of (bales of a pearl colour. It weighed a little 
more than five grains. 

7. A 


due by evap. 


opake refidue. 
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7. A folution of gam Arabic was formed 9 m the proportion Gum precipi- 
of one part of gam to 100 parts of water. One grain of this [^ s extras.” 
folution was added to 39 grains of water, fo that the gum only 
cpnftituted P art of -the folution; a fiogle grain of Gou- 
lard dropped into it produced a perceptible opacity. 

8. Twenty grains of the faturated folution of the acetate of— butfcarcelyby 

lead, had one grain of the folution of guiq added; the of Ic4 ** 

was barely vifible, certainly lefs than in the former experi- 
ment. 

I am far from confidering thefe experiments M fufficient to 
afford a complete inveftig&tion of the fubje& ; but I think they 
may enable us to make forne advances towards the truth. 

The 40 grains of the folution No. 1. contain 1 (.6 grains of Forty grains 
acetate of lead; by the addition of the alcali, this was con- »««« contain^ 
verted into eight grains of the carbonate of lead. Thefe eight u* i^d” 5 mC 
grains of carbonate confift of 6.72 grains of the yellow oxide, 
and 1 .28 grains of carbonic acid.* The 6.72 grains of yellow 
oxide confift of 6.12 grains of pure lead, and .6 grains of ox- 
igen, 4 fo that the 40 grains of the faturated folution contain 
a little more than 6 grains of pure lead. 

By employing the fame reafoning to the analogous experi- Forty grains 
ment with Goulard, we may conclude, that the 1 1 grains °^i U ^ r ^ nui<> 
carbonate produced in this cafe, confift of 9.24 grains of the % 
yellow oxide of lead, and 1.76 grains of carbonic acid; the 
9.24 grains of oxide will be compofed of 8.4 grains of pure 
lead, and .84 grains of oxigen, fo that the 40 grains of the 
luhargyri acetati contain nearly 8f grains of pure lead. 

We fliall not find it fo ealy to afeertain precifcly the quan- Deduction of 
tity of acetic acid which enters into the compofhion of the thc rcfpcaive 
acetate of lead, and the aqua Uthargyri acctali refpe&ively ; j C U ^ tUic * °* 
but if we truft to the experiments of M. Thenard J, we muft 
conclude that 11.6 grains of acetate of lead, contain about 
three grains of the acetic acid. The quantity of acid in the* 
aq. liih. acct . is lefs than that in the acetate of lead, in the pro- 
portion of 40 to 60; therefore the 40 grains of aq. lith . acet, 
will only contain two grains of acid. 

Hence it follows, that 40 grains of the folution of acetate of Component parts 
lead confift of, of ** ch - 

• ThomfoiTs Chem. III. 50. + Prouft, Joum. de Phyf. 

LVI, 200. X Nich. Journ, VI. 223. 

Lead 
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L€ad - - 
Acetic Acid 
Oxygene 
Water 


The fame quantity 
of Goulard will 
con ft ft of - - 


Gtli 

'Lead 8.4» 

I Acid 2. 

I Oxygene .84 
L Water 28.76 


40 00 


muu w.w 

Converting thefe proportions into quantities of 100 grains 
each they will be as follows, 

Sol. acet. lead. Aq. lith. acet. 

Lead ... 15.3 21. 

Acetic acid - 7.5 5. 

Oxygene - 1.5 2.1 

Water - - 75.7 71.9 


100.0 100.0 

The eaperi- From this ftatement it appears, that in the aq . lith. acet . the 
ments (hew that oxide of lead and the acid exift to each other in the propor- 

Stare aredlffer- ,ion of 23 to 5 * or of 100 to 21.7 h and we find that M. 
eat CaJts. Thenard has defcribed the perfect acetate of lead, as a fait 
in which the oxide and the acid exift in the proportion of 100 
to 21.79. So near a coincidence between thefe two propor- 
tions can fcarcely be regarded as the mere effedt of accident ; 
but muft rather be confidered as a proof that the fubftances 
operated upon were nearly, if not altogether, identical. Ad- 
The former fitting this to be the cafe, we muft conclude that the aqua //- 
being at fetura- thnrgyri acetati is a faturated folution of the proper acetate of 
t,on> lead, that it is an eflentially different fait from the fuper-ace- 

— and the latter tate of lead, and that it is not, as has been imagined, an acci- 
a fuper-acctate. Cental compound, but an exaflly neutralized fait, the conftt* 
tuents of which exift in a conftant ratio to each other. 

The neutral It happens in this, as in other inftances, that the ingredients 
compound « compofing the completely faturated compound, poffefs a weaker 
composed / * affinity for each other than when they exift in a different pro- 

— and is there- portion. To this circumftance muft be attributed the fuperior 

fore a better teft d e jj caC y which Goulard poffeffes, as a left of animal and ve- 
ef mucus. , , , r , M . . 

getable mucus, over the fuper-acetate oflead, or the common 

ccrujfa acetata. The aqua lithargyri acetati is fpeedily decom- 

pofed by the aflion of the atraofphere, in confequence of the 

oxide of lead which enters into its compofttion having a 

ft ronger affinity for carbonic than for acetic acid; this ef&& 

takes place in a lefs degree, in a faturated folution of fuper- 

acetate of lead. 

From 
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Fftmx ihe firft experiment we learn,, that the fuper-acetate Suj*r -acetate ©f 
of lead is more foluble in water than is generally imagined ; 

Ik. Thom fon observes, that it is diflolved only fparingly *; yet fuppofcd. 
we find that 100 parts of water retain in felution 27 parts of 
the felt. 


m. 


A concifi View of the Theory of Rcjpiratien . By 

W. Brands', Efq . ( From the Author*) 

The term refpiration implies the reception of atmofpheric Re^irafioa, 
air into tfre lungs, and its fubfequent emiflSon, after having 
produced changes in the blood neceflary to the continuance of 
life f. 

No other gafeous body being capable of producing thefe not be «*- 
changes, it was natural to fuppofe, that until we became ac- 
quainled with the component parts of the atmofphere, very analyfcd. 
little of the true nature of refpiration could be underilood. 

. The firft great ftep towards the analyfis of the air was made DWcoveries of 
by Dr. Prieftley, whointhe year t77idifeovered oxigen gas, Prieftic y* 
called by him dephlogifticated air. But we are indebted to Lavoifies* 
Lavoifier for the mod accurate invelligation on this fubjeft ; 
who from many experiments, which it is not neceflary here to 
relate, concluded that atmofpheric air was compofed of oxi- 
gen and azot, in the proportion of about 27 parts of the former 
to 73 of the latter. The air alfo contains a fmall quantity of 
carbonic acid, and a confiderabie quantity of water (fubjeft 
however to much variation) is always fufpended by it. 

Some of the gafes are totally unrefpirable, that is to fay. Gas which m. 

incapable of being taken into the lungs i for whenever this is not bc refp'reS* 

. r r f r . , . . , or admitted me© 

attempted, a ipafmodic wfeciion of the epiglottis takes place, the lungs. 

which i>y doing on the larynx, (huts up all communication 

with the organs of refpiration. To this clafs belong all thofe 

• Thomfon’s Chemiftry, III. 53. 

f Refpiration has been divided into, 1. Infpirarion, or the in- 
graft of air into the cells of the lungs, caufed by the enlargement 
of the cavity of the cheft j 2. Into expiration, or the egreft of air 
from the lungs, astuftd by the coMca&ion of the cheft. 

gafeous- 
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Carbonic acM. gafeous bodies pofleffed of acid properties. The efle&s of 
defaced *by *Pi - car ^ K>n * c •cid-are defer ibed as follows *by Pilatre de Rosier 
litre de Rosier. He went into a brewer’s tub which was full of carbonic aetd 
gas ; he at firft felt a flight heat throughout his. whole body, 
which produced a gentle perfpiration ; an itching fenfation 
frequently obliged him to clofe his eyes, and on attempting to 
Breathe, lie was prevented by a very violent fenfdof (offbeat ion. 
He wiflied to get out of the tub, but being unable to find 
the ladder, the neceffity of breathing iricreafed, he was feized 
with a violent giddinefv and felt a tingling len Cation in his 
ears. Ho ,at length contrived to extricate himfelf, and al- 
though he then experienced no difficulty in breathing, he was 
unable to diftingurfh the objects around him ; bis hearing was 
alfo much impaired. -On repealing the experiment he found, 
that as long as he remained without attempting to breathe, he 
could readily move or even fpeak, but whenever he tried in- 
fpiration, a violent fenfe of (u flotation came on. 

Gafts which can But there are certain gafeous bodies which may be drawn 
nt ° * nl ° ^ ,e l un 8 s » meeting with no oppofition from the organs of 
refpiration. Dr. Thomfon has divided thefe into four dalles. 
The firft fet, he obferves, occafion immediate death, but pro- 
duce no vifible change iq the blood ; they. occafion the ani- 
mal's death, merely by depriving .him of air, in the fame 
Hydrogen and manner as were be immerfed in water ; the only gafes beiong- 
| Z ff all *n mCrC lo are ^idrogen azot. The fecond fet occa- 

lion immediate death alio, but at the fame time produce cer- 
tain alterations in the blood ; and therefore kill, not only by 
depriving the animal of air, but by certain fpecific properties: 
G>fes which kill the gafes belonging to tiiis clafs are, . carbucetted hydrogen, 
by c Sion P ° fi * Sulphuretted hydrogen, carbonic oxide, and perhaps alfb ni- 
trous gat. The third fet of gafes may be breathed for fome 
time without injury, but death enfues at laft, provided their 
Nitrovt oxide a&ion be long enough continued : to this clafs belong the ni- 
* nd ^ c lU trous oxide and oxigen gas. The fourth fet may be breathed 
tion. flOWCr ^ any length of lime without injury.; the only gafeous body be- 
Atmofphcric air longing to this clafs, is the air of the atmofphere, that com- 
xnamtams life. p 0un€ | G f oxigen and azot every where furrounding the glcrf>e. 
This compound - After an animal has breathed a certain quantity of air for a 

fluid lofes its ox- gjyen time, it becomes totally unfit for refpiration ; and if tb* 

ig cn 5y that pro- ° t J r . ’ 

ce f 5f air thus refpired be chemically examined, we fliall find that 

and carbonic acid the oxigen is greatly diminifbed, and that a confiderable quan- 
go is produced. v f car bonic add gas has been produced. 
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It appears From a number of experiments made by Dr. Hales* The number of 
Dr. Menzies, and Mr. Davy, that the number of reflations 
made in a given time, as well as the quantity of air taken in different per- 
into the lungs* are liable to confiderable variations in different 19 

people* Some have calculated the number of refpirations at commonly about 
14 only in a minute, others at 20 ; Mr. Davy informs us that 10 * 
be makes 26 or 27 in a minute ; but having frequently endea- 
voured to count the refpirations made by different people, in a 
given time, and without their knowledge, I have found them 
vary from 18 to 26 in a minute* mod commonly, however, 20 
or 21 ; and 21 in a minute make 50,240 in 24 hours. 

The quantity of air taken in at each refpiration, mufl be Each refpiration 
in proportion to the lize of the perfon and the capacity of his 
bmgs. About 41 cubic inches of air are taken in at every na- su- 
tural infpiration. 

We now come to confider the changes which are produced. Phenomena of 
both in the air and blood, by refpiration. 1. On the changes ref P ,ration * 
effeded in the air. Dr. Prieftley* M. Lavoifier, and Mr. 

Davy, have furniihed us with many inlerefting and inftru&tve 
experiments on this fubjed. The changes are, I. That a Some air di/ap- 
portion of the air difappears; 2. That the air expired differs JJ^nineteentH ; 
from that firfl taken into the lui>gs, in containing carbonic and the expired 
acid, and water in the date of vapour. Dr* Meaziet hai airi * * ,tertd * 
ibewn, that ^th of the air infpired difappears in the lungs, 
sod the experiments of Lavoifier, which were made with 
much precifion, differ but little from the above ft ale men t. I 
never knew the quantity of air which disappears to be lefs 
than part of the whole taken into the lungs; this may 
however be liable to variation in different people. 

It has hitherto been fuppofed that the portion of air which The sbferfccd air 
disappears, confifts of the oxigen only: Mr. Davy has* bo w- *** to 

•ver, given fome very ttrong realons lor luppoung that part 
of the azote iikewife difappears during refpiration. He fup- but appears to be 
pofei that the average quantity of air which is abforbed at 111 ?**”*' 
every refpiration, amounts to 1.4 cubic inches, of which 0.2 
ere aaot and 1 .2 oxigen. 

Lime-water deteds carbonic acid gas in the air emitted The emitted air 
from the lungs, and the quantity of this gas may eafily be 
mated, by receiving the air expired into a graduated gluts 
jar, Handing over mercury ; a little cauflic foda being intro- 
duced, the abforption which takes place denotes the quantity 

Vol. XI.— June, 1805. Q of 
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of carbonic acid* La voider has e ft i mated the quantity of tills 
gas thrown out from the lungs in 24 hours, at about 15.5 
ounces troy. Mr. Davy makes the quantity thrown out in (he 
about one cubic fame time, amount to 57 ounces, which is about 1 cubic inch 
radon*** 1 e * P '" ** eveT Y exphalfon The quantity however varies from 0.5 
cubic inch to 1 .5 at different limes in the fame perfon, fo that 
But this varies, this accounts for the great variation in the above-mentioned 
experiments. Moreover the proportion varies, in (he fume 
individual, during the 24 hours ; for I have found the quart* 
tity of carbonic acid gas emitted from my own lungs, to be 
rather left in the morning than towards the evening ; but this 
atto varies in different people. 

Aqueous vapour But watery vapour is alfo emitted in refpiration, the greeted 
alto emitted > ^ which is probably given off by the exbatent arteries, 

which are fo copiouflv difperfed on the furface of the lungs. 
A part is alfo emitted from the blood in the pulmonary veflels. 
in quantity va- The eflinoation of its quantity is attended with fame diffv- 
viable. cully ; teccording to Dr. Hales it amounts in a day to 20 

ounces: this is however but of little eonfequence, for it is 
liable to much alteration. 

The bW un- More important changes however than thofe juft mentioned 
tsmfchangcT* m by rofpi ration, namely, the alterations produced 

during refpha- in the blood; which fluid, returning from every part of the 
ti ® n * body by the veins, is poured into the heart ; from whence, 

being propelled' through the lungs, it is brought into content 
with the air, undergoing certain changes which render it flt 
far die rtourilhmertt and fupport of the body. Tbefo changes, 
which are of a very complicated nature, have engaged the 
attention of * feveral learned and ingenious phtfofophers* Dr* 
It abforbs ah ; Thomfan has enumerated them as fallows: 1 . The blood ab- 
btectnnei florid foyba a j. 2. It acquires a florid red colour, and the chyle di& 
bonlc acid ; and appears. 5; It emits carbonic acid, and perhaps carbon. 41 
viw| t»lfeiki( emits water, and perhaps hydrogen. Dr. Brreftfey, hf. 
ap * * LaVoifier, and Lagrange, have each adopted a different the- 

Variouitheoriet.’efy, by which they endeavour to explain and account for thefe 
clianges produced by refpiration : they are aH however liable 
to cohflderable Objections, and red merely on the fttppofkion 
that the oxigew is alone abforbed. Now Mr. Davy has 
fhewn, that at lead a portion of the azot difappears in the 

* Davy's Refauxbet, page 433* 
v lungs: 
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longs g he ha* even rendered it very probable that the air is 

not decomposed, but that it is abforbed unaltered by the 

bleed) that it is decomposed during circulation; and that the 

■feiefs portion of azot is again given out. The folIowingMn Divy wp* 

fe&rare in Support of' this opinion s " When the gafeous 

of asot is reSpired, hs quantity is dimmithed, carbonic acid with the oxifio, 

gas is evolved as ufoal, and a quantity of azot makes its ap-*** „ 

wr . . * , J * r , . r. Fads from the 

• p« ranee. Now as this azot did not exift Separately, it niuftrefpiration *f os* 

hove been produced by the decom portion of the gafeous ox-**® of «aou 

ide of azot ; but its quantity being much lefs than the azot 

contained in the oxide of azot which bud disappeared, it 

follows that a part of this lad gas had been abforbed unaltered ; 

and if a pert, why not the whole 1 In that cafe the azotic gat 

am# have been feparated from the blood by the Subsequent 

decomposition of the oxide of azot abforbed Atmofpheric 

air is compofed of exafily the fame ingredients as the oxide 

of azot, merely in different proportions, and in a (late of lefe 

intimate chemical combination. It is moreover natural to a(k,Oxifen alone it 

that if oxigen were alone abforbed by the blood, why ffttould it®2r - pft ^ cr 5° r 

not anfwer the fame purpofes as air f It is well known that 

this gas cannot be reSpired for a length of time without pro* 

docing fatal coafequ£nces ; but even when it is reSpired, the 

quantity (of oxigen) which disappears is much Smaller than&f odi left is »b« 

when a like quantity of atmofpheric air is breathed for 

feme time. Mr. Davy has given the fallowing experiment in quantity of *t- 

proof of tin's fed: He breathed 182 cubic inches of oxigen is 

gas far half a minute, lt.4c. inches dtfeppeared; whereas 

when the experiment was repeated under the feme ctrcnm* 

flown with atmoTpheric air, the quantity abforbed amounted 

to 15.6 cobio inches. 

It was farft obferved by Lower, dial the colour of venous tower fir ft <*• 
blood, which is dark reddifh purple, was co&vertfed into the fc /J <d lhc 
florid fear let colour of arterial blood, in iu peflage through | ft vc 8 n e 0 ^ bloo? 
the lungs. Tlie phenomena of refpiration, however, dill re-ty refpiratwa. 
named unexplained, until Dr. Prieftley puhiifoed his ex peri* 
menis on the changes produced in vonous and arterial blood 
when pot fa contaft with certain gafeous bodies. " f He ob- Prieftley fhewsd 
Serves, that having introduced pieces of the craflanrentum °^e abfwprilai# 

sau fM a 

• Thornton's Syftem of Chemlftry, Vol. IT. page 7If. 
f Prieftley on Air, Vol. IH. pagall. 
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coagulated fheep’s blood into dcphlogifiicatcd air (oxigen gas); 
the blackelt parts aflumed a florid red colour* and that more 
readily than they would have done if common air only bad 
been made ufe of : Whereas the brighteft red blood became 
prefently black in any kind of air unfit for refpiration, as in 
fixed air, fyc. ; and after having become black in phlogtfti- 
cated air (azol), it regained its red colour on being brought 
into contadt with common air, the fame blood becoming al— * 
ternately black and fcarlet, by being transferred from phlo- ' 
gifticated into dephlogifticated air, and vice vcrfa” 

Tbefe then may be regarded as the experiments which gave 
origin to all fubfequent enquiries. 

The food which is taken into the body is converted into 
chyle and excrement * ; the former of which is abforbed by a 
fet of veffeU termed ladleals, which convey their fluid into the 
thoracic dudt. The term lymph has been applied to that fluid 
which lubricates the furfaces of all the circumfcribed cavities 
of the body : This fluid is abforbed by a fet of veflels termed 
lymphatics, which of courfe originate in every part of the 
body ; they likewife .terminate in the thoracic dud, which 
therefore is the great refervoir of the abforbent fyftem ; it re- 
ceives the chyle and lymph, and conveys them to the blood ; 
they are here decompofed, and converted into new fubflances 
neceflary to the fupport of the body. Now the coagulable 
lymph, or fibrina, appears to be tiie raoft eflential part of the 
blood* for it is employed to fupply the wafie of the mufclev 
Sfc. and Dr. Thomfon has accounted for its formation in the 
following mannnerf: " It follows," fays he, “ from the ex- 
periment* of Fourcroy, that fibrina contains more azot and 
lefs hydrogen and carbon than any of the ingredients of the 
blood, and consequently alfo than any of the ingredients of 
the chyle. In what manner the chyle, or a part of it, is con- 
verted into fibrina, it is impofiible to fay : W r e are not fuffi- 

V 

• The food, on being received into the ftomach, is converted into 
a pulpy fubftance termed chyme. This alteration is effe&ed by a 
peculiar fluid called gafiric juice , which is iecreted by the internal 
coats c f the fiomach. The chyme thus formed is propelled into the 
duodenum, where it meets with the bile, which converts it into a 
fluid much refembHng milk, termed chyle, and into excrement* 
f Thomfon’s Chemiftry, 2d Edit. Vol. IV. page 725. 

k * * - ciently 
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ctently acquainted with the fubje& to be able to explain the * 

procef*. But we can fee at leaft, that carbon and hydrogen ufe of refpira- 

muft be abftra&ed from that part of the chyle which is to be tion / ,n that con- 

converted into fibrina, and we knew that thefe fubflances are. 

a&uafly thrown oat in refpiration. We may conclude then 

that one ufe of the air abforbed is to abftrad a quantity of 

carbon and hydrogen from a part of the chyle by compound 

affinity, in ftich a manner that the remainder becomes fibrina : 

Therefore one end of refpiration is to form fibrina. 

It appears then, from the above-mentioned fadts, that the Life cannot fub- 
perfe&ion of the blood is almoft totally dependent on refpi- w,ttout iu 
ration; whenever therefore this fundtion is fufpended but for 
a very thort time, death is the confequence. 

It is well known that all the more perfect animals potTefs a The elevated 
temperature confiderably higher than the furrounding atmo- ^Tmojrpcrftdt 
fphere: the caufe however of this increased temperature, re- animal* i»c<ufcd 
mained unexplained for a confiderrtble time. At length Dr. the combina- 
Black’s theory of latent heat became known, when feveral fuion of air. 
attempts were made to explain the caufe of the increafe of 
temperature, or fiandard heat of the body, but none of them 
were fatisfadlory. Dr. Thornton has however given us the 
following ingenious theory : As the air is abforbed unaltered 
by the blood, it is evident that it will give out the greatefl 
portion of its caloric daring circulation ; that portion therefore 
which is emitted at the inftant that the air combines with the 
blood, is united to the carbonic acid, converting it into the 
(late of gas, and the water into vapour. It appears more.- 
over, that the heat of the blood is fomewhat raifed during 
circulation ; for Mr. John Hunter fonnd that the blood in the 
heart was a degree higher than in any other part of the body. 

From the fadts which have now been alluded to, it appears Recapitulation, 
that the following changes are produced by refpiration ; The 
blood is propelled, by the contraction of the heart, into the 
pulmonary artery, which, by its numerous ramifications, con- 
veys the blood into the fmall branches of the air-cells of the 
longs, which are of fo fine a texture as to admit the abforptioq 
of a portion of air. The blood having undergone this altera- 
tion, is returned into the heart by the pulmonary veins, from 
whence it is circulated over the whole body. During the cir- 
culation, the air which has been abforbed undergoes a gradual 
decompofitioD ; carbonic acid anfl water are formed, which* 

together 
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together with a portion of axot, are returned by the reins, wid 
thrown oat as the blood paflfes through the Jang*. A freft* 
portion of air is at 'the fame time abforbed, and the above 
changes repeated. ^ 

Theie then are the effects of refpiration, as far as we are mt 
prefent acquainted with them ; but this important branch of 
phyfiology ft ill remains in tconfiderable obscurity. 

Arlington Street ; WILLIAM BRANDE. 

.April 29* 1&0$. 


IV. 

Jnflru&ion on the Proctjfcs di/covered by M, Bralle, of Amiens, 
for watering Hemp in Two Hours Time , in ull Seajbns, wit It* 
out injuring its Quality *. Publijhed by Order of the Minifier 
ef the Interior qf France . 

txperiment^oa th e 0 f p rU ctidor in the year XL (September 1803.) 

of the French the government called to Paris M. Bralle. of Amiens, the in* 
government. yen tor of new proceflfes for watering henip. This difcovery f 
which is iqterefting to agriculture, manufactures, commerce, 
and the marine, had engaged its attention ; orders were given 
to make the experiments requifite to afeertain its value. 

Every thing which could elucidate the principles and 
practice of M. Bralie’s procefles, which could prove and in* 
fure their fuccefs, was put in practice. Numerous and varied 
trials were .made in the prefence of M. M. Monge and 
Berthollet, fenators, and Teiflier, member of the Inftitute^ 
M. Molard, adminiftrator of (he confervatory of arts and 
manufactures, directed thefe trials, and carefully purfued 
them for ilx mouths. The refults were equal to the ex- 
pectations that had been formed. 

From the account rendered to his imperial Majefty, it was 
judged that the knowledge of a more expeditious method of 
watering hemp, than thofe employed at prefent, which 
is practicable at all feafons, and is in no refpeCt injurious to 
health, by means of which a greater produce can be obtained 
firom an equal quantity of the materials; and, which mud extend 

• from 3‘bliothcque Pfcyficp Ecooojnique, Brumsire, An. XHL 

and 
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sad multiply the culture. of an extremely valuable plant, cokid 
not be too extenfively published. In conformity to this defire/ 

»• fball briefly defer ibe M. Bralle’s procefles, relate the 
experiments which have been made, and otfer fome observa- 
tions on the utility and advantages which are promifed by this 
new difcovery. 

* i- 

The Procejje* qf M. SraUe . 

The means used by M. Brahe for watering hemp, are M. Bnlte’s pao- 

1ft. Water it heated in a veflel to the temperature of from 
72° to 75° of Reaumur’s thermometer; (200° fahr.) in hot w&ter 

2nd. A quantity of green foap (fitvonverd) is added pro-" 1 ^* 8 **' ~i 
portions 1 id the quantity of she hemp to be fteeped. 

3rd. The .hemp is then i miner fed f© that it (hall be covered by 
the fluid, after which the veil'd is doled, and die fire put 
•of. 

4th. The hemp is left in this flate of maceration for two 
hours, and then taken out. 

The weight of foap required for a complete fteeping, is to Proportions of 
tint of bemp-ftalks as 1 to 48 ; and the weight of the hemp *b* articles, 
to that of the water as 48 to 650. 

Several fteepings may be made one after the other. It is The procefsmay 
fo&cient, before each new inimeriidH, to add a quantity of^ h ^ p ^* l ^ i p '^ th 
foap water 4© replace what was abforbed by the preceding, the fame water, 
and to raife the temperature of the bath to the above degree. 

The fame water may be thus employed for fifteen facceffive 
d*y«. 

When the bundles are taken out of the fteeping veflfel, they 
are covered with a layer of (haw, that they may cool gradually, 
without lofing their humidity. 

Next day they are fpread on a floor, pufhing the bands to- Breaking the 
words 4be top of the4tems, and a roller of ftone or wood,'**^’ 
loaded with a weight, is pafled feveral times over them, to 
crufh them, and difpofe life tow to be eaftly feparated from 
the reed, which is effected by beating. Whether the hemp beating, 
be wet or dry, it peels completely in either ftate. 

After having tied the handfull* of the tow peeled off while 
wet, at the top, they are fpread on the grafs, turned, and, 
after five or fix days, carried to the warehoufe. 

The 
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Refult* or 
general observa- 
tions on the 
procefs. 


Hie hand fulls of fteeped and cruflied hemp which are ia- 
( ended to be beaten and ft ripped dry mud alfo be expofed on 
the grafe ; this operation being absolutely neceflary to whiten 
the tow, and facilitate the reparation of the reed. - 

§ n. 

Recapitulation of the Experiments . 

* By means of a portable fteeping veflel, d liferent quantities 
of hemp were fteeped, the temperature of the foapy liquor 
was varied at pleafure, and the ftate of the hemp was obfcrved 
during the CQurfe of each operation, of which the duration 
was more or lefs prolonged, in order to afcerlaip ; 

1ft. The temperature which the foapy liquor ought to have 
before the jmmerfton of the hemp ; 

2nd. The time neceftary for a complete fteeping# at a de- 
terminate temperature; . 

3rd. The quantity of foap abfolutely neceflary for a given, 
weight pf hempriialks, weighed before the immerfton, &c. 

From a great number of experiments made in tbeaaonthspf 
’ January, February, and March laft, it was founds 

l ft. That water containing the quantity of green foapdireQed 
by M. Bralle, for a giyen weight of hemp, efte&sihe fteeping 
completely ; 

2nd. That the fteeping is fo much the more fpeedy as the 
temperature pf the fluid is nearer to ebullition, at the lime of 
the immerflon of the hemp ; 

3rd. That if the hemp be kept piere than two hours in the 
fteeping veflfel, the time preferibed by M. Bralle for obtaining 
a complete watering, the tow feparates equally well from the 
reed, but it acquires a deeper colour, and lofes part of its 
ftrength ; 

4-lh. That if the hemp bp immerfed in a cold foapy liquor, 
and heat be then applied, the fteeping is not accomplitbed 
fo perfectly, whatever degree of temperature may be given 
tp the liquor, and however long the iipmeriion may be con- 
tinued * ; 

5th. Thai the bundles of hemp immerfed and kept vertically 
ip thq veflel, are fteeped more uniformly than if they were 
laid horizontally ; and (his petition alfp facilitates the manipula- 
tion. 

f Probably the fluid between the fibres is not heated, bccaufe its 
f ondu&ing power is bad, and it is prevented from circulating. N. 

$ nr. 
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§ nr. 

Obfcrvalions on the Utility and Advantages of the New Difcovety , 

T wo methods only oi fteeping 'bemp'fcre generally pradifed. Defcriptton of 

The fir ft c'mfifts m fpreading the p f ant oh the grafs, and ftccping^bwnpf 
taming it two or three times a week, until the air, the light, theas heretofore 
dews, or the rains, have difpofed the tow to feparate eafily from ^ 

the reerf, The refult is obtained in a longer or (horter time, grata, 
according to the weather and the ftate of the air ; and fre- 
quently, in certain countries, the operation is not finithed in 
left than forty days. 

The tecond confilh in iramerfing th« bundles of hemp in 2 . Steeping; 
rivers, brooks, ditches, or pools, and keeping them there for 
eight, fifteen, twenty, or even thirty days, according to the 
degree of the heat of the water, or ot the atmofphere. 

The maceration effected by both thefe procefies is frequently Thefe proccfler 
incomplete, and always unequal. By following the firff, the vcry drfcaife * 
cultivator is liable to have his crop difperfed by the winds, or 
injured by long rains: if he adopts the fecond, he runs the * 
ritk of lofing a part ot it by the overflowing of the rivqrs, or 
of its being covered with mud. The fir ft method in particular, 
is liable to the ferious inconvenience of depriving the .national 
marine of part of ibe hemp producedby our territory : it is 
known that the tow produced from the hemp which has been 
expofed on the grafs is not ufed by the government. 

The fteeping of hemp according to M. Bralle's procefs. Superiority of 
requires only a copper cylindrical veflel, placed on a fraall^ 
furnace of bricks. 

A fteeping veflel of this kind, containing 240 litres f of 
water, (52 ale gallons) is (ufficient to fteep IS kilogrammes of 
bemp-ftalks, (about 40lb«) and as the operation is completed 
in two hours, 100 kilogrammes (22 1 lb.) may be eafily fteepqd 
in a day. 

This method appears to deferve the preference over the 
former ones, on many accounts. 

Iff. The fteeping is pra&ipablc all the year, except during It is praafeaMe 
very hard frofts, when it is difficult to dry the hemp. But aU year# 
when it is to be peeled wet, the cold is no longer an obftacle; 
it is then only neceftary to take proper precautions for pre- 
venting the tow from freezing in its humid (late, 

5 2nd. The 


Digitized by Google 



fma dM» 


and fo- 
Juiioas to With. 


Apparatus on a 
larger fcak. 


Comparative 
cxpcnce of the 
cwo^rflceffes. 


2nd. The time of deeping being only two hour*, afford* m 
faving of time of great value to the cultivator, particularly 
during the feafon of barvaft. 

•Srd. Tlie workman has « t caafe to fear any injury of bis 
health 2 it is firificient to keep up a current of air while .the 
bundles are plunged into and taken out of the keeping veffel* 
the hand foils of {talks or tow, which are afterwards expofed 
on the graft, do not emit any bad (mail, or vitiate the parity 
of the air, whatever may be the quantity of hemp dried ad 
once in the fame place. 

Every one knows, that when the bundles of hemp deeped 
in water in the old method, are taken out and wafhed, they 
emit an infedious odour which becomes 'infuppor table during 
the heats, and to which ferions difbrderstwe aferibed. TI;o 
valley of the department of >1 he Somme, and many other* in 
which hemp is deeded, afford too convincing proofs. The 
waters are rendered unfit for the ofe of cattle, and the (Kb 
contained in them are frequently deffroyed. 

To accelerate the operation of keeping by the new procefs, 
In countries w here tfceqfc is an e^ctenfvve culture of it, inftead 
of the portable deeping vetffel which was made sife of in the 
experiments, the following apparatus may be adopted, con- 
fiding of a boiler and four wooden tabs, ferving for deeping 
arrfffeh. 

After having heated the foapy matter to ebullition, it is 
buffered to flow through a cock, into two of thefe tabs titled 
with bundles of hemp, end clofed by a cover: while the deep* 
ing is going on in the two firft tub*, the necefTary quantity of 
liquor is heated, to be conveyed into the other two, which are 
mlfb filled with bundles of hemp, and clofed with lid*. 

‘By mentis of tins very ftmple apparatus, a confideraWe 
qoanlity of hemp may be deeped in a day without interrup- 
tion. 

4th. The expence of deeping in water, compared with that 
required by the method of *M. Bralle, is nearly the fame, 
when the fmall deeping vefltH is made ufe of ; but if a cauldron, 
rather* large, and the deeping tubs whirl) have been mentioned 
are employed, the cod will be dimtmfhed more than a half. 

In *fa£t, the expcnce of the fird includes the conveyance 
of the hemp to be deeped, the time employed in forming the 
bundles of hemp into a fort of rafts, thaMhey may be funk 
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by leading them with dones, turf* clods of earth, and mm 
rood; in frxfeg and fecuring thefe rafts by driving in Hakes; a 
tedious work, and the more troublefome, becaufe IQ 
kilogrammes of bemp-ftalk* cannot be iromtrfed without a 
weight of 15 or 20 kilogrammes, and, alter the keeping, ail 
this maf* mud be removed, to . lake the bundles out of the 
water* and walh them. 

The coft of the new procefs conftfts principally in the pricy 
of the Solvent made. ufe pt, which amounts to about, c^ght 
centimes for a kilogramme of tow. To this thou Id be added 
the price of combufttble neceflary for healing, the liquor, if 
this combuftible was apt afforded by the repds of the bqndles, 
whether they are p^ele^ yvet or dr> . , 

At an eqoafc expense, the newprpcefs is Hill preferable to 
the old. becaufe, from what has been Xaid, it renders the 
maoipuJalion more expeditious and ipore eafy. 

5th. Eight kilogrammes of hemp-llalks lieeped by the new comparative jk*. 
procefs, commonly produce two kilogrammes of pure Ipw, 4 * - ** 
hjr peeling when wet; whereas hexqp ileeped in water fyy the 
old pcocefe, and beaten* does not yield mote Drum eight 
kilogrammes than one and a half. 

The dry peeling of hemp deeped in, the old way does no£ 
produce the fame quantity as that which is peeled when wet; 
the breaking of the reed in many places occadous a greater 
lofs of tow. 

The hemp being wafhed, beaten and combed in the old 
method, a kilogramme of. long tow is obtained frpm four 
kilogrammes of the rough tow ; the remainder is fhort fluff, 
hards and dud. 

The fame quantity of hemp, manipulated in the new way, 
yields two kilogrammes of long tow, one kilogramme of 
fecond tow, and about a kilogramme of ihort duff and hards. 

Thus from eight kilogrammes of hemp-ftalks, two kilo- 
grammes are obuined in rough tow by the new procefs, and 
from this quanffy is obtained one killogramme of the did 
low, which does not exid in any known manipulation. 

6th. The inhabitants of the banks of rivers and of the E*tenfion of the 
valleys, are aimod the only pesfons who cultivate hemp ; cuItarc of hemp, 
they owe this privilege to the vicinity of the waters, and 
the humidity of the foil. By the new procefs the culture of 
btmp will be extended to all places, and procure a new and 

very 
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▼cry advantageous occupation to the inhabitants of the plains* 
the land of which is much more vegetative than that of the 
marfhes. 

It is an error to fuppofe that hemp cannot grow to a great 
height in the plains ; it is a fad, that it rifes to the height 
of two yards, in land which has been well ploughed and 
manured, when mild rains have prbmoted germinanation 
and growth. 

It is equally a fad, that there is every where a fufficient 
quantity of fpring or ciftern water to deep the hemp by the 
new procefs : if droughts (hould fupervene, which beiides are 
only accidental, the deeping may be deferred. 

It will, therefore, be pafiible to cultivate hemp in the plains, 
and in low lands, which are always rich and fertile, though 
frequently without fprings of water, and to augment not only 
the mafs of our produds, but alfo our riches of this deferip- 
tion, fince one acre of good hemp y ields as much profit as two 
acres of wheat. 

Summary of the Such are the effeds which may be expeded from M. Bralle's 
advantages^ ^ new me thod of deeping hemp. It is, as was obferved at the 
procefc. lr ° m 1$ commencement of this inftmdion, more expeditious than 
thofe hitherto employed ; ft perfedly completes the deeping; 
if may be ufed at all feafons ; it does not affed the purity of 
the air ; from an equal quantity of materials, it procures a 
more abundant produce ; and laflly, it is well calculated to 
extend the cultivation of the plant itfelf. The enlightened 
lovers of agriculture, and well-informed proprietors, who 
live upon and cultivate their own eflates, without being 
Haves to the cuftomary pradioes, will adopt it, and fecure its 
advantages, by repeating the experiments which’ have 
afeertained its merit, and alfo by making trials bn a more 
extenfive fcale than thofe which took place in the cdtffervatory 
of arts and rfianufadures. Their example Will be followed, 
the procefs of M. BcaHe will be extended^nd we (haH fee 
portable deeping veflels, firhilar to thofe uf«l by M. Molard, 
multiplied; a cheap apparatus which requires very little 
repairs, and by means of which the hemp grown through the 
extent of one or of feveral chmmunes may be deeped even in 
the field on which it grew. 
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V. 

Description qf a Portable Steam Engine. Py Mr. Matthew 
Murray. 

To Mr. NICHOLSON. 

S I R, 

1 TAKE the liberty of banding you the defeription of a port- 
able Hearn engine of my conftruftion, which you will have 
the goodnefs to infer! in your Philofophical Journal. I will 
joi obferve it is reduced to the feweft parts that pra&ical utility 
will adroit, whfeh mud neceflarily render it of great advantage $ 
as the fimplictty of its parts make it nearly impoflibte to be 
oot of order with a very moderate degree of management. 

The following defeription and reference to the plate will ex- 
plain the nature of this engine. 

I am. Sir, 

Your much obliged humble fervant, 

MATTHEW MURRAY. 

Latit, May 71*, 1805. 

Defeription of a Portable Steam Engine.— Plat* VII. 

A A Reprefents the ground or floor on which the engine De&riprfm of 
fluids. . portable a« 4 « 

engine. 

B . Sedion of a recefs made in the ground for the b ea m O 
to work in. 

C. Iron cittern retting upon the ground or floor covering 
the flsceft for the beam. 

D An opening in the floor to admit a boy to oil the oenters 
of the beam. 

E A double fleam cylinder, having an upright pipe m the 
intermediate fpara, which etteds a communication between 
the top and botuml and the valve box G. 

F A fleam pipe that communicates with the boiler through 
which *11 the fleam pales and furrounds the inner cylinder in 
its way to the va|ve box, prior to iu application againtt the 
pifton. > 

G The valve box-fixed upon a projection from the cylin- 
der bottom, having an opening or connection with the interval 
between the fao cylinders. In this opening it a regulating 

valwa 
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Deferiptfon of valve for adjufting the quantity of fleam (that ads again ft the 
&C>m pifton) in its paflage through ihe valve box. There are alio 
tliree other openings in the bottom of this valve box, one of 
which ctmneds with the top of the cylinder by the pipe in the 
intermediate fpace, the fecrmd with the bottom, and the third 
with theedudlion pipe that Leads to the condenfor. Two of 
thefe openings are alternately conneded together by a Hide 
valve,* ** while the third is left open for the admiflton of fleam 
to the.pi Aon, this valve changes its portion at the end of each 
Broke of the pifton, and performs all the perpefct of the aoft 
complicated machine. 

H The atF-pamp conneded with a condenfer at the bottom 
of the edudion pipe. a 

I. The fly wheel fixed upon an axis which receives its 
motion from a crank conneded with the beam by the rod 1C. 

LL Two rods for connecting the motion of the pifton to 
the beam, thefe rods move perpendicularly by a motion which 
could not be conveniently (hewn iu this view without render- 
ing it confuted. 

M A fpherical triangle turn’d by the crank for moving the 
Aide valve by the horizontal rod N that conne&s them toge- 
ther. This motion has the advantage of preventing the engine 
from ever turning the contrary way round from that which it 
is wanted' to go, and prevents the noife that is ofually heard in 
engines. 

O The beam attached to the bottom of the cUlern jQ . by 
toeans of the hanging carriages P. 

Q A i*ti or fixture in a wall for the end of the fly wheel 
fhaft; this will vary according to the fituation where the en- 
gine is to be fixed, or it may be fupported by a metal flandwrd. 

R, Index to the injedion cock that admits water to the 
condenfer. Note, The cittern is to be kept nearly full of water 
during the time the engine is at work. _ 

The cylinder G and valve box E mod bCTurrouttded on all 
tides by a cafe (not (hewn ro this view) the fpace between 
filled with charcoal to prevent the tranfmttflon of heat, which 
if effectually done will work with the kaft poffibfo quantity of 
coals, as it combines the advantages of every other engine 
hitherto known. By detaching the air-pump and condenfer 

* For theft valves I took out a patent inh 80S. . 

** (which 
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(which mmy be dooe in half an boar) 1 and where water cannot Pcfcr ^^ n ^ m 
be haul tor coodenfation, this engine vmtf be worked by the J^ne* 
prelfure of Arong fleam alone, as the internal cylinder it kept 
as hot as the fleam in the boiler. * This dangerous plan never 
ought to be reforted to but in cafes of oecefity, as it is no Giv- 
ing of coals, and as there caa be no certain rak wbea to dis- 
continue the ufe of the boiler, the weaknefs of which is not 
prevented by putting the fire in a tube in the iafide of it. Tbit 
engine requires no framing nor mill.wrrght work in the bviagi 
but merely bolting down to the ioor it /lands upon. It takes 
op very little room, and all its parts are within reach, without 
the neceflity of upper floors or ftages, which would be the cafe 
if the beam was above; but by being 6xed below and alcae* 
it has no tendency to move from its fituation. 


VI. 

Letter from Mr. J. C. Hornblowbb, Engineer, on tkeMco * 
fare qf Force ky Morje Power*. 

To Mr. NICHOLSON. 

Dear Sir, 

I AM induced to trouble you on account of the prefent un- Uncertainty of 

fettled ftate of things ref pelting whal is ufually called the power 

cf ukorfe . I do not know why a matter of this fort (hould a borfe. 

remain fo disregarded, especially as it has fo kmg become one 

of our data, comprehending the unities of weight, (pace and 

time, by which we are to be underflood in our comrmmica- 

lions on the fuhjed, and by which we are to afeertain the pro- 

* Many engines are at prefent worked in London and elfewhere 
by the mere forc/cf fleam, without condenfation, under Trevithick,** 
patent. The force is from 45 to 60 lb. on the round inch ; a prtf- 
fure equal to about 35 fathoms of water at the moll. Various af- 
fertions and reports concerning the fafety, the economy, atkf the 
other efFefts of thefc engines have pafled under my notice ; hut tfae 
latere fled fituation of lome of the narrators on both (ides, and the 
fbort time of trial, have induced me to wait for more fi£U before ( 
fcould give any account of the engine in this Journal. I hope to 
4o this a few months hence.— W. N. 

cifb 


Digitized by v^ooQle 



96 


MRt HORHBIOWBR ON HORSE POWERS. 


fat harfcs. 


Defaulters 
confiders it as 


cifejvaltie or effed of any mil! or engine in and about London* 
Indeed I do not know why it was adopted for the purpofcs in- 
tended, it being fo indefinite. 

This unity pro- I can eafily conceive it probable that fomebody who has em- 
bahly wUJnm ployed borfes for fome time in mill-work, may have applied to 
bch^riTbftUutcd 810 engineer, sad (aid “ I have a mind to have my work done 
by a fleam engine inflead of horfe?, for I am to a point that I 
dial! f&ve money by it, and pleafe to give me an eftimate of the 
coft of an engine that will do the work of my horfes;” and 
th6n the engineer fets about getting information as to what 
may be deemed the effect a horfe can produce, and calls it the 
horfe power; and perhaps having Defagnlier’s Experimental 
a fed o Phil0fo P b y a * applies to him, and there he finds that fe 
fert pe/minute! bor ^ e raife a bogihead of water 50 feet high in a minute* 
then what is the weight of a hog (head of water, and he finds 
from fome particulars related by him, 2nd vol. page 505, that 
a hog (lie ad of water is equal to 550 lb. but of what meafure 
is uncertain, for the ale hog (head, 51 gallons, is 54-0 lb. and 
the wine hogfliead, 63 gallons, is 504* lb. reckoning the cubit . 
foot at 1000 ounces avoirdupois. 

Some engineers who have very unceremonioufly taken the 
lead in this affair, have adopted I do not know what for a da- 
tum, but the refull is this; An engine by calculating 10 lb. on 
the fquare inch, making the whole prefTure = 1000, moving 
through 200 feet per minute, is called a four- horfe engine.~ 
Let us fee then what will be the effect of one horfe according 
to this fad. 

ii. ^ , 200000 

1000 lb * x 200 ft * = 200000 = the whole effed, then — - 

4 

= the effed of one horfe. Now compare this with the eftimate 
of Dr. Defaguliers, which is a hogfhead of water at 550 lb. 
50 feet high in*a minute; 550 lb. x 50 ft. =27 500 and ; 50000 
— 27500 = 22500 = the difference between one of Mr. 
Watt's horfes and one of the doctor's, on the former of which 
I make no comment. 

Mr. Smeaton, whom I hold as having fuperior claim t© pre- 
cedency on fubjeds of this nature, has utterly difapproved of 
Defagulier’s experiment by the rooft powerful convidion of 
its fallibility, formed by conclufions drawn from fterling ex- 
perience in the accoroplifliment of works on a large fcale; and 
he (later the greateft effed to toe 40 feet high in a miftute; but 


Another efti- 
mate; nearly 
doable that of 
Deiagulierij. 


Snaeaton's eftl- 
mpte one* fifth 
kfs than De- 
faulters. 
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RS Ui is is Hill in the commonly received opinion as to the weight 
of the hogfliead, I would rather turn to thofe who have made 
their experiments on a weight of folk! matter* exprefled in 
terras which cannot be miftaken. 

I remember to have had feme converfation on this fubjed Mention of 
many years ago, with the late Samuel More, at that time few thTreiSion ^ 
cretary to the Society for the Encouragement of Arts, &c. agaiaft horfes, 
when he (hewed an inftrument conftru&ed on purpofe to de- Jjore^Efq .with 
t ermine the refiftance againft horfes at plough. I do not re* an inftmment. 
collect that I made any minutes on the refult of our convert- 1'™' */%** 
tion, fo can only fay that his relation of the fa& furprifed me, 
until I came to corapare it with the effeft of horfes a&nally ' 
applied to overcome a load drawn up a (haft in a mine; but I 
bad not the fame means of determining the re-a£tion that he 
had; however, the refult of his experiment may be Teen in the 
Tranfadions of that Society; fome obfervations on it may be 
feen in the 3d vol. quarto, of the Philofophical Journal, page 
136, only there leems to be a miftake in the dedu&ion in the 
note: it (liould be 264-: 10 : : 1375 : 52 -f- 

I much wi(h to have an experiment like Mr. More's made Propofed expert- 
by a fledge drawn forwards and backwards on a level road, ment * 
with Mr. More's inftrument placed between it and the horfes; 
fuch an experiment would be very practicable, and the fmall 
deviation from the true level of a road would be com pen fated 
by alternately going firft one way and then the other. 

It is true that we are become pretty well acquainted with Uncertainty of 

what may be done by horfes in grinding malt, pumping liquor th , c °l clfure °f 

. •« - «... r c • . a horfe power . 

and worts in breweries; but there are fo many fortuitous cir- f rom grinding or 

cumftances to be regarded, even here, that nothing decided pumping, &c, 

can refult from the clofeft inveftigation. For inftance, fome 

brewers chufe to have their malt ground much lower than 

others; the pump- work is executed in fome breweries under 

very different advantages, and from local circum dances may 

be retarded by the inertia neceflary to communicate motion 

from the wheel to the work, adding the different condition of 

valves, buckets, &c. All thefe con fi derat ions demand fome 

invariable refi fiance to be overcome by the exertion of the horfe, 

and I know of nothing fo appropriate as that I have juft men* 

boned. 

The power of a horfe (by which I mean the mechanic Difficulty of 
power) is not eafily afeertained. It has fcarce any analogy 

Vol. XI.— June, 1805. H with work/but the 
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cUfs of horfes with a weight defcending through a given fpace or a quantity 
employed. 0 f water f a ||j n g a given height, and therefore is better ex- 
prefled by the terms effect, refiftance, re-a£tion # &c. and 
even then, to be any thing like precife, we ought to diferimt- 
nate whether brewers' horfes, of higlers* horfes, waggon horfbss 
or coach horfes, heavy horfes or light, and if you will go into 
the country among the coal-mines, you will have another clafs 
of thefe animals, which I know not what to call unlefs it be 
poor* horjks, full worked and half darved; in (hort, I mean 
that neither one or the other ought to be taken into the account 
as the meaJUre of a mechanic power. 

Mr. More’s Neverthelefs it feems defirable to have fome popular ex- 
eitimate of 8olb. predion for the application of whatever maybe fubftituted in 
T^is ftLrl°y Ur *^ e P^ ace whether fleam, water or wind; nor can 

three fourths of there be any objection to faying, “ equal to the work of fo 
Defagu tier’s many horfes," provided we can attain to a clear, unequivocal 

and fomewhat exadt value, attributable to that power, and if 
I may give my own opinion, 1 think Mr. More has dated the 
utmod effedt to be SOlb. three miles per hour, in filch horfes as 
are proper for giving motion to mill-work, and at fuch fpells as 
will not exhaud the breath or drength of the animal. 

Remarks. I am furprifed to find this mode of calculation has obtained 

fo far as to determine the power engines employed purely as 
pumping engines, as lately at the Tunnel, the New Docks, 
&c. but I am glad it reaches no further than the bills of mor* 
tality, and 1 hear that the Dutch method of hoiding goods to 
warehoufes has lately been adopted at fome of our new docks. 
O tempora, O mores / While other countries are availing them* 
felves of the application of the deam engine in place of ani* 
mal labour, we are taking up the expedients of thofe who have 
fcarce heard there is any fuch thing as a fleam engine, or who 
cannot appreciate its value on that degree of evidence we have 
in our own country* 

Whether the & may ^ °bje&ed to by fome to alter the prefent data, 
horfe power or however erroneous, as we (hall be obliged to require 20 horfe 
not^itought ° r «°K* ne# indead of 10 (for it appears the edimate is nearly, if 
furely to be free not quite cent, per cent . more than it (hould be ) ; but even that 
from ambiguity. ma ^ e no difference in any refpedl than as making a rent 
in an egregious error; the cod of an engine cannot be altered 
by it, nor the confumption of fuel, but a material convenience 
would be the refull of fuch a regulation, confidering the ad- 
S vantage 
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G&dcrAr&td Places bf *fcfe m* PiJtMts. 

vantage of a coincidence in this point throughout the kingdom, 
and as partaking of the nature of a unity of weights and mea- 
fbres, it ought to be paramount to every fubordinate con- 
^deration.* 

Your much obliged obedient fervant, 

J. G. HQftNBLQWER, - 

— ■ y T i -n t - - r | t .1 II 1 ,| 


VII. 


letter from Mr. A. F. Tho*lt>*!* # communicating thrCe ma- 
nufcript Tables from Mr. Boot, of Berlin , of the geocentric 
Places of the new Planets Ctrcs, Pahs, and Juno, fbr troche 
Months to come. 


To Mr. NICHOLSON. 

SIR, 

T 

1 HE three planets, orafleroidt (according to Dr. Herfehel), T*Ue« obtained 
btely difeovered, being fo very fmall, are not eafily found, 
unlefs the obferver I* acquainted with the place wWerfc he is the new planets, 
to look for them. This uncertainty induced fdme afironhmical 
gentlemen to dehre tne to inquire/ if there werd riot any 
ephemeris of their motions publiflted abroad. I complied with 
their requeft, and Mr. Bode has very obligingly communi- 
cated to me the fallowing Written account 6f Ihfeir rCfpedive 
fixations, calculated for the Obfervatory at Berlin, (that of 
Juno, according to a table of his oWh calculation}! if yiu 
think this communication may be interefting to the agrono- 
mical readers of your Philofophical Journal, I beg you will 
make ufe of it. 


I am, Sir, 

Your rootf obedient hutable fervaht, 

10, St. Alban's Street , A. F. THOEL0EN. 

13, 1805. 

P. S. A new edition of Mr. Bode’s fmall Celeftial AtJa* 
ha* juft been pubHfbedf ; with a Catalogue of $500 Stars* after 
Piazzi’s obfervations. ( This lad Work can be had feparaje. 

Any gentfeman who may be defirous of one or both‘thefe 
w ork% will be fupplied in a reafonable time after fending an 
order to me. 


. * For 3 very clear and rational report of a fleam-engine in horie* 
f«e our Journal* IX. p. 215.— >W. N. 
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VIII. 

Letter from Proftjfir Prxr, Injpc&or of Mines to the Italian 
Republic, to J. C. Dslametherie, on Corindon found in 
Italy* 

THE intereft you take in publifhing difcoveries in natural Beautiful red 
hiftory in your excellent Journal, induces me to communicate 
to yon a roineralogical rarity lately found on a mountain of the 
Italian republic: it is a very tine corindon, or adamantine 
ipar, of a deep ruby colour. I law it for the firft time among 
the minerals which the learned Brochi, profefTor of natural 
hiftory at Brefcia, had made a (bort time before in the depart- 
ment of Sc-io. At the firft view he confidered it as a feld- 
fpar, of which it has all the appearance ; and, in faft, the 
corindon being a fubftance which hitherto hp* only been fur- 
nithed by countries far diftant from us, it would have been 
imprudent to have judged other wife at firft : but the colour of 
ftune, exactly retembling that of a red corindon which I 
brought from Paris, given to me as coming from Madras; 
led me to fuppofe that it did not differ from it. 

But as ProfefTor Brochi purpofed meeting me in a fhort 
time at Milan, to which place I was going, we poftponed the 
verification of this fufpicion. When he faw the red corindon 
from Madras, in my pofleffion, he no longer doubted the 
identity of its fpecies with that of our fample. I afterwards 
difcovered the fame identity in the trials to which I lubnptled 
it : the following are the refults ; f 

l ft. The corindon of Italy fcratches the hardeft rock-cryftal. Examination. 

2 d. It does not melt before the blow- pipe, either alone or with *• 
the addition pf borax. 3. its texture is in laminae, which fol- i^iminar tex- 
low different directions. 4 th. Its fiflure is triple, and whenture. 4 . FifTure 
it is cut in the three directions, it offers a rhomboid, the acute ^Re&Jaion of 
angle of which is 64)°. 5th. Its crofs fraCtore (hews the light. 6 . Sp. 
fplendor of the diamond, and reflects the light, the fla(he 9 of*”* 1 **’ 
which are almoft the colour of filver, 6 th. Its fpecific gravity 
is 3.87, which is the mean of that of the true corindon. * 

Hitherto it has been met with in a mountain of micaceous Is found on a 
fchiftus, in pieces of feveral inches in length, which are amor- mountain of TOI * 


caceous fchiftus. 


* From Journal de Phyfique, Vendemiaire, An XIII. 
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CORINDON FOUND IN ITALY* 


Countries where 
corindon is 
found. 


The fpecimens 
of Europesn 
ftones ailed co- 
sindon do not 
belong to tlpt 
(peeiec. 


t 


phous and opake, but femi-tranfparent on the thin edges. 
Profeflor Brochi and I purpofe making new refearches there, 
which may lead to forae more interefting difcovery. 

In the mean time it will no longer be douhted, that the 
corindon is a product of Europe. M. de Bournon, with 
whofe memoir on corindon, inferted in the Journal des Mines, 
Vol. XIV* you are well acquainted, has noticed the different 
countries which furnifh this fubftance ; they are the iiland of 
Ceylon, the peninfula of India, and in particular Madras, 
the Carnatic, and China. He concludes his interefting de- 
tails by enquiring whether this fubftance exifts in other coun- 
tries, except thofe acknowledged to be the chief, if not the 
excluGve fituations of this fpecies. This queftion arifes from 
feveral ft ones found in Europe having been given as corin- 
dons, In fa£t, thofe collected in Germany were found to be 
fometimes feldfpars, and fometimes the fchorlartiger-bcryll of 
Werner, your leucolite. That mentioned in the Mufeum 
Brittanicum as coming from Tyrie, on the eaftem coaft of 
Scotland, was far from having the hardnefs belonging to this 
fpecies; that from Chefnut-hill near Philadelphia, announced 
by Mr. Smith, was difcovered by Mr. Richard Phillips to be 
p fragment of badly cryftallized quartz. It only remained to 
decide on the feldfpar found by Bournon in France, in the 
province of Fore*, the defcription of which he fent to you in 
a letter inferted in the Journal de Phyftque for June 1789* 
and which he ftill confiders as a true corindon. 

This fubftance appears to be the fame as that you have 
called andaloufite, and which fome dealers in natural hiftory 
have circulated in commerce by the name of adamantine fpar, 
from the kingdom of Caftile : it has been placed by Abb£ 
Hauy in the appendix, which contains thofe fubftances, the 
nature of which did not appear to be fufficiently known to 
permit him to affign them a place in his method. He calls it 
gpyrous feldfpar. Thus we may be fatisfied that hitherto 
there is no certainty of corindon having been found in Europe. 
I flatter myfeif that now there will be no doubt on the coriit* 
don of Italy which I have the honour to announce $ it is not 
even deficieot in the fpecihc gravity belonging to this ftib- 
ffance; a defed which induced Profeflor Hauy not to ao 
knowledge the feldfpar of Forez to be a corindon, 

, If 
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If robies and fapphires be clafled with corindon, as many Profcriffty that > 
mineralogifts feera difpofed to do, Eorope will probably have 
mines of thefe precious (tones as it already has mines of erne-gem*, 
raids, fuch as thofe of Limoges, difcovered by the learned 
Ldievre, counfellor of the mines. Bat thefe Bones will be • 
rabies, fa p phi res, and emeralds of mineralogifts, but not of 
the jewellers, until they (hall be found very tranfparent, 
which I hope will be the fruit of new refearches, followed 
with perseverance, 

HERMENEGILDE PINI. 


IX. 


On dijclojtng the Proctfs qf Manufactories. In a Letter from 
Mr . John Clennell. 

To Mr. NICHOLSON. 

My Dear Sir, Nexvcaftle, Feb. 1 7# 1805. 

PeRMIT me to intreat the attention of fome of your nu- Interefting que£ 
xnerous correfpondents towards a queftion which muft cer- of 

tainly be interefting to every manufacturer, but of which no manufr&uring 
regular difcufiion has yet been offered— Is it proper om im- 
proper to lay before the public in refpe&abie periodical works, 
a full and impartial ftalement of the various proceffes of our 
manufactories > I (hall Bate fuch realbns as have offered 
them fe Ives to me why they fhould be difplayed, but I am 
principally anxious to receive further information on a fubjeft 
that appears to me peculiarly interefting. 

The fir ft argument I (hall adduce is that of Mr. Boyle, as 
quoted by Dr. Johnfon in the 201ft number of the Rambler. 

“ The excellency of manufactures, and the facility of .labour. Argument of , 

would be much promoted, if the various expedients and con- 

trivances which lie concealed in private hands, were, by 

reciprocal communications, made generally known ; for thefe 

are few operations that are not performed by one or another 

with fome peculiar advantages, which, though fingly of little 

importance, would, by conjunction and concurrence, open new 

inlets to luioyvledge, and give new powers to diligence.” 

The 
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ctmArrmi kj ex* 
per fence* 


Accidental difeo- 
▼cries improved 
by difdofure. 


Science would 
be thus intro- 
duced into work- 
shops, Sec, 


DlSClOIVIf er KAKVFAC TVilVS fftOCKSIHS.' 

The fecond ia the very confiderable improvements that have 
taken place in thofe few manufactories which have yet been- 
under the influence of chemical enquiry ; thus realizing, bat 
on a very extfnfive fcale, the fuggeftious of Mr. Boyle: fo fax 
therefore as we are to be guided on the one band by experience, 
and on the other by the influence of fcientific enquiry on 
liberal difplay, willthe argument be in our favour, 

ia the third place I would ohferve, that as many very vo» 
luable difeoveries are owing to accident^ thofe with whom they 
happen are frequently perhaps incapable of improving them 
to the extent they would admit of in the hands of men of 
fcience, and thus, by a fpirk of monopoly, preclude ewa 
themlelves from the advantageous cultivation of fuch difeo- 
veries, merely left others might enjoy it alfo. If, again, we 
eon tide r the rapid progrefs that has been made of late year* 
in every department of ufeful and practical knowledge, we 
rouft attribute it entirely to thole liberal communications that 
have been made by men whofe attention has-been immediately 
direded to the promotion and improvement of every thing 
valuable to the public. -Again, the profits of every buimefs 
depend on the regularity and knowledge with which it is 
conducted ; but how is the laft to be enjoyed without re* 
fources to apply to, and how much more eafily would it bo 
obtained if fcience could regulate and Amplify the combine^ 
lions* of the manufa&urer? If to accomplifli by every thing 
employed (and even in many cafes the refufe) in each procefc 
its utmoft poflihle ufe, is a fhvourite principle with manufac- 
turers ; to take the mod accurate and beft adapted means to 
efled it, ought certainly to be as powerful with them. Is it 
not alfo obvious, that, to dilcard all my fiery and quackery, 
and fairly to difclole each procefs, is to invite the attention 
of men of fcience and refearch to extend any advantages 
gained by chance or otherwife, and to difeover greater utility 
in the various fubftances employed. The origin, progrefs; 
prelent ftate, and bints for the improvement of the M arts of 
We,” would certainly be worthy the contemplation of our firft 
chemifis, and are fubjeda that have appeared of fuch impor* 
lance to a neighbouring nation, that many of their rood etui* 
nent men have been employed in them ; and fome volumes 
of the Encjfclopf&e AletMifu* are dedicated to- fuch infauna* 
tion, with plates too, in feveral inftances difpJaying even the 
mofl minute work- tools employed in each. 

The 
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. The biftofyaud detail of manufadories conduced iryeash place Some objediont 
oaghl, I prefume, to form a principal object with the writers 
local bifiories ; yet very few of ibofe gentlemen are enabled to 
obtain foch Recounts as they can depend on, frpm the felfifti 
and monopolizing jealoufy of manufadurers in general. To 
tbefe various advantages an otty£&ion may be offered, " That 
difplay is placing objeds of taxation in the hands of minifters : 
be it fo ; difplay will make it eafier to colled the tax, will 
make it more certain, and it may be, left opprtffire ; if to 
tkefe be added the above advantages, it may fairly be pre- 
famed, that difeovery and confequent improvement is the 
mo6 advantageous, track to be purfaed ; but, my dear Sir, I 
beg your pardon, on this fubjed I did not mean to offer my 
own opinion fo much as to folicit information from that of 
others. 

I am truly your's, 

JOHN CLENNELL. 

How far literary purfuits are compatible with the duties of Literary parfuits 
the commercial man, or the manufadurer, feems a queftion 
fo completely decided in the affirmative, in the fifft volume of 0 f merchant! «nd 
the Manchefter Memoirs, by Mr. Henry ; in the lecond volume manufadurcrfc 
of the fame work, by Hr. Barnes ; and in the hundredth num- 
ber of the Lounger, — that the above paper aflumes the prin- 
ciple as being fully eflablifhed. . J. C. 


X. 

Queftion rejptfiing the Purification of Copper . By J. P. With 
a concift Reply. W. N. 

wAlS copper in its purefl ftate (efpecially out of London) for Qtieftiofi re- 
moaofe&urmg different articles, cannot be obtained without P°- 

a very tedious procefs ; as it forms the principal ingredient in p Cr ^ n C ° P * 
mirrors for receding telefcopes, and likcwifc is much ufed 
as an alloy for gold ; if it is impure, it never fails to render 
the gold fo alloyed brittle, and not to be reftored to its duc- 
tility until the impure alloy be wafted by fubfequent meltings, 
to the lofs gne } disappointment of the workman. Required, 

therefore. 


Digitized by v^ooQle 



108 CONNECTING AND COATING OT IEON BANS. 

therefore, a method of purifying the copper, particularly tor 
the latter porpofe ? 

Your’s refpedtfullj, 

„ Morlcy Street, J* P* Jttn. 

Hewcaftlc-upon-Tyne . 


RefTy. As the procefies for refining capper in the large way arc 

grounded upon its property pf refitting oxidation more than 
the other metals which are ufually combined with it, it may 
be advifeable to adopt the procefs of Pelletier, with a due 
attention to the manipulation and the pioportion of manga* 
nefe to be made ufe of. The very interefting letter of Mr. 
Thpmfon in the prefent Number, will indicate the principles 
of operation. Mr. Hatchett's excellent papers in the Philo* 
fophical Tranfadions, of which a corred abridgement is given 
in our V. and VI. Volumes, (hew the raifehievous confequences 
of impurity in the copper for alloying the precious metals ; 
and it is but too well known, that it is difficult to be pro- 
cured, or even to be made pure, upon a fcale of exteafive 
magnitude. 

W. N. 


XI. 

Defcription qf a Method qf connecting Iron Bars, and coating 
than with Lead , fo as to fonnjblid Pillars for Light-koufes 
on Rocks covci ed at High-water, and to defend them from 
Corrqfion, By Copt . Joseph Brodse, of the Royal Navy * 

Dfefcription of Fig. 1 , Plate V. A (hews four rods of cafl iron, com po fed 
the meins of Q f a num be r 0 f pieces two feet Jong* rivetted together, in a 
ten s^byrelfcr- manner explained by the ptyte, fo as to produce the effect of 
cnee to the one b ar 0 f the thicknefs of the whole, B. A tube of call iron, 
drawing* formed from a number of feparaie pieces, each about ten 
inches long, and which, when placed round the. iron rods 
above-mentioned, and then ferewed together, form a mould, 
into which the melted lead is to be poured, to coat the iron 

* Communicated to the Society of Arts (Memoirs, mdccciv. 
258.) who voted him the gold medal, 

rods. 
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rads. C. A portion of the rods covered with the melted lead, 
fo as to form a cylindrical pillar apparently of lead, the iron 
being perfectly coated therewith. 

Fig. 2. D thews the manner in which the hollow cylinder is 
farmed to any length required, by the jundtion of a number of 
lemi-cylioders rivetled together and fitting each other. E, 
the fide flanges fcrewed clofe together. F, the end flanges 
iHb fcrewed together, as prepared for the melted lead. 

After a certain portion of the iron rods are coated with lead, 
the lower parts of the tube are taken off and placed higher up; 
by which repeated changes, a few tubes will aofwer the pur- 
pofe to coat any length of the iron rods. 


XII. 


Reply to Mr. Accum's lafi Letter on ike Production of Nitrous 
Acid . By W. F. S * 

To Mr. NICHOLSON. 

SIR, 

I THINK Mr. Accum by no means throws off the charge Remarks on 
of cenfure with which he is accufed, upon fo material a part £[^ Accum * 
of the modem theory. He ought to have been more explicit, 
and in fo nice and fo difputed an experiment, to have given 
os a minute detail. 

I have performed the experiment which he fpeaks of, but Uofucccfsfut at- 
I could deted no nitrous acid after the procefs. The air gra- Jf rni>t, ro . rc P r ^ t 
dually diminifhes by the electric fjpark, but this diminution is of forming ni- 
owing to the oxigpn gas producing a calcination of the metals trou8 aci4 * 
employed, for the pureft ox i gen gas anfvvers better than when 
mixed with nitrogen. Therefore I hope, if Mr. Accum pofc 
fefles a more accurate experiment, he will give it through 
your Journal : certainly the prefent ftate of modern chemiflry 
requires a very minute inveftigation. I hope, Mr. Nicholfon, 
jouwill not refufe inferting this in your Journal. 

London , May 2. 


* See our Vol. X. p. 109 and 214. 
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HR. WILSON Off fetTEd^RICITY. 


Xllf. 


Experiments on the Eleftricity of Metallic Filings fified through 
Metal ; with Remarks in anfwet to a Letter qf Mr, GUthbcrt* 
fan. By Mr, Wm. Wilson. ( From the Author.) 


to Mr. NICHOLSON* 


SIR. 


An error pointed In the Iaft number of your Philofophical Journal, I find % 

out by Mr. letter from Mr. Cuthbertfon, containing forae remarks on my 
Cuthbertfon ad- , , . . _ . . _ . . , T , , . . T 

micted. letter on the electricity of metals, in which he notices an error 

in the table of refuks of experiments, that had efcaped way 

notice till I read his letter. In that table I have by mi flake 

put P again ft copper filings fified through zinc in dead of N. 

Copper tilings when lifted through zinc are electrified 
flrongly with negative ele&neity. 

Mr. C.*s objec- Mr. C. in his other remarks does not feem to admit that the 
duftior/of eke- ^ c P ara ^ n g the metals frorti conta& is the caufe of the electrical 
cricity by mere fluid being excited and not touching, becaufe both' torching 
merailfTonfi anc * f e P arat, ng are employed. In the way the experiment* 
dered. * were made touching takes place two ways, viz. the filings 

The metallic^ come in contact with the metal plate they are fified into, arid 
fieve, zxt fepara^ty are ,n contact wfith the fieve before they are lifted through 
ted, and touch fi . but I cannot conceive how either of thefe contacts could 
caufe the excitation of the eledtricity in the experiments. If 
the contact of the filings with the plate they were fified into 
was the caufe, we (hould have had the fame efted with the 
fame filings, whatever metal the fieve was made of they were 
fified through; becaufe as they were always fified into the 
fame plate, the fame metal filings always came in contaCt with 
the fame metal plate, and confequently we fliould have had 
the fame effects in all cafes w ith the fame filings; whereas out 
of the ten forts of filings that were ufed there was only one 
n^’noTnf^ztkm^ t^ ee ^) produced the fame effe6l with the different fieves ; 

and if the contaCt of the filings with the fieve excited any elec-* 
trie fluid, it would be diflipated as faft as excited, becaufe 
— cMifeqoeotly neither the fieve nor the filings were infulated ; confequently 
i K < *r pend, ° n could have no effect on the refults of the experiments.— 
t tfeftraticn. Therefore fince neither of thefer conta6b excifed the fluid, it 

rauft havejbeen excited by the reparation. 

I think 


the receiving 
metal. 

As the et. 
varies with the 
fieve it does not 
depend on the 
latter con'afl, 


—and In the 
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I think the following experiments will pat this beyond a 
doubt: I. I fattened a piece of card into a (tick of glafs, and An inflated 
then robbed it over with ttrong gum water and covered it with °f 
filings of zinc ; fo 'that when it was dry, it had a furface of filing, 
filings of zinc. From a heap of the fame filings I took up as to p our *'«« 
much as I could on this little (hovel without touching it with bright plat« of 
any thing elfe, and let them fall very (lowly upon a piece of copper, 
bright fiteet copper fattened in an inclined pofition upon the 
cap of an eledrometer, and formed into a receptacle at its 
lower part to contain the filings. In this operation almott The copperplate 
every particle of filings neceflarily came in contad with the^^ notclc ^ n ' 
face of the copper. After letting fall upon the copper about 
an ounce and a half of filings there was not the lead fcnfible 
dfed on the eledrometer. 2. I then took a piece of the fame A copper fa *e 
fheet copper, which was pierced full of fmal! holes, and fitted 
throogh it the fame filings I had ufed in the above experiment, /hove), 
upon the fame copper on the eledrometer, and the gold leaves Tht copperplate 
diverged with pofitive eledricity and difeharged themfelves ^"J^ 0 *** 
igaintt the (lips of tin foil on the infide of the glafs ten times 
before the whole of the ounce and half of filings were fitted 
into it. 

Now, fince the feparating the two metals from contad in Separamn was 
thefecond of the above experiments is the only difference 
tween them, and as the eledric fluid was excited only in the city, 
fecond, I think we may fafely conclude that that reparation wai 
fite caufe of the excitation, and not touching. 

I am very much inclined to believe that the excitation that Electric «ciu- 
lakes place in fridion is caufcd by the fame circumftance, P^b'r 

Hat the fridion does nothing more towards the excitation than kind, 
bring the different parts of the fubftance that are rubbed to- 
gether into contad, and feparate them from it. 

I am your obedient humble fervanf, 

WILLIAM WILSON. 
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ON LINES IN A CIRCLE, 


Explanatory 
remarks on Mr. 
Bofwdi's letter. 


XIV. 


Reply to Mr. Bofwell. By Ah Old Correspondent. 
To Mr. NICHOLSON. 

SIR, 

When i began to read your correfpondent, Mr. Bofwell’* 
anfwer to my obfervations on his geometrical proportions, and 
found myfelf accufed of having ” thrown fome very undeferved 
reflections” on his communication, I could not help feeling 
a degree of apprehenfion left I (hould inadvertently have made 
fome miftake or other, for which I mult have been obliged to 
apologize to him and to the public; but on perufing the lettec 
through, I was not a little furpri fed to have found but one re* 
fie&ion pointed out, and that applying not to the matter but 
manner of my obfervations ; it feems I have accufed him of 
being too confident in one of his after lions ; a literary crime, of 
which he exculpates himfelf by proving from a quotation, cer- 
tainly very much to the purpofe if we make no diflin&ion be- 
tween doubt and diffidence , that he is, on the contrary, a very 
diffident writer , which quotation, to be fure, contra (led with 
an expreffion that fell from my pen, might be conclufive, if the 
two paflages were applicable to the fame thing ; but unfortu- 
nately it turns out, on clofer examination, that the. accufation 
applies exclufively to Mr. B's fecond proportion, and his ex- 
culpatory quotation exclufively to his firfi . 

Had 1 committed myfelf fo far as to fay that he announced 
his firft propofition with confidence, I mud have flood clearly 
convi&ed of having done him injudice ; bat as it was his fe- 
cond propofition, or, in other words, his other fad in geometry, 
to which my objectionable obfervations Jblely applied, he 
ought to have quoted what he has faid about it, and about it 
only 9 as evidence againft me; he has, however, directed his 
arrow at a wrong mark, on which account I claim the reader's 
indulgence to repeat the paflage alluded to, which is the only 
paflage in Mr. B's paper that relates to his fecond propofition : 
** The difeovery of a faCt in geometry often leads to another; 
one of this kind / have here to add , which is, that a right line 
(B E) drawn from the extremity B of the line I B, at right 
angles through the oppofite diameter (I F) to the circumfer- 
. ence. 
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eace, will be equal to a fourth of the circumference.” In this Ixpltnatory 
innunciation, which is an appendage to the main fubje& or firft J^fS^akttcrr 
proposition, and evidently not included in the prefatory apo- 
Ncy. * fee nothing like a fafpicion of inaccuracy ex prefled, 
or even hinted at, and confeqnently can trace no mark of dijf- 
iewee, now that I come to examine it again ; on the contrary, 

I repeat, that a fad is confidently aflerted to exift, which has 
been proved not to be a fa6t , both by royfelf and by Mr. 

Gougli, to whofe teftimony probably the reader will pay fome 
deference, particularly as this gentleman has ingenioufly fhown 
that another line in the circle poflefles the identical property 
erroneoufly attributed to the line B E, and that previoufly to 
Mr. B.’s complaint being made public: to the reader, there- 
fore, the falfenefs or juft ice of my obfervation or 44 reflection” 
mud be referred; and it will anfwer the purpofe of both Mr. 

B. and myfelf, if he will let the affair drop here; for he will 
then Band a good chance of being reputed what is his princi- 
pal aim, a diffident writer , and I (hall ceafe to be, what fom$ 
of your readers, befides Mr. B. may poflibly be difpofed U* 
think me, a caviller. 

I am. Sir, once more. 

An OLD CORRESPONDENT. 

J fay 17, 1805. 

P. S. The mathematical portion of your readers need not* 
be informed, that the fdrgetfuhefs imputed to me, refpeding 
the a (Turned approximation fubftituted for the exaSt ratio of the 
diameter to the circumference of a circle, is a charge applying 
with equal propriety to every mathematician who has deduced 
calculations depending on the area of a circle: even Mr. 

GMgh, whofe mathematical (kill is juftfy the admiration of 
thoufands* whom he has never feen, and is doomed never to 
fee, has fomehow been obliged to be guilty of the fame want 
of recollection, though his calculations may be confidered as 
therefult of demonfir ative truth. 

It remains now for Mr. Bofwell to fhow the fcientifi'c world, 
by an example or two, how he applies hfs difeovery to prac- 
tical measurements, which it is prefumed, will prove a com- 
munication of genera! intereft. 


Vol. XI.— June, 1805. I pefeription 
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MR. HARD.y’s BANKING. 


Defcription qf an accurate Method of banking the Balance of 
a Time-keeper.. By. Mr • William Hardy. Extracted > 
'fromte* Letter to Chas. Taylor, Ej'q. Sec. to the Society 
Arts.* 


Importance of 
the flop or bank- 
ing piece ufed to 
prevent extreme 
-vibrations in 
time-pieces. 


The author's in 
vention is con- 
firmed by long 
trial. 


and teftimony. 


The banking is 
required in 
watches which 
have a vibration 
through very 
great arcs. 


This letter is accompanied with a drawing, a defeription/ 
^"atid a model, of a more perfect mode of banking the balance 
* rtf a tithe-keeper, Hhan any that has yet appeared; and its ap-' 
plication to a time-keeper is a matter of fuch real importance, 
that the moft accurate, without this moft neceffary appendage, 
is liable to fuch derangement, that from the moft trivial caufe 
it is in one moment rendered ufelefs. 
l ' To preferve the good qualities of the time-keeper, on 
which often the ftrength, the wealth, the grandeur, and fafety 
6f this great ^empire depend, I deem it neceffary that my in- 
vention fhould be laid before the Society of Arts, as the means 
of its being more generally known; and I hope that I (hew 
proper refpe&to the Society,* when I affure you that I do not 
offer any crude idea, neither could I think of giving you any 
trouble, until I had fully verified the utility of my contrivance 
by feveral years trial. As I can produce the teftimony of 
fome of the moft eminent watchmakers in favour of my inven- 
tion, I look forward with fome degree of confidence, in.ex« 
pe&ation of obtaining the approbation of the Society. 

It was at firft imagined, that a banking to a watch with a 
free efcapenaent was quite unneceffary, as the limits of bank- 
! ing.were fo great as to admit of almoft twice 360, or 720 de- . 
glees ; but, on trial, the balance was frequently found to ex- 
ceed this quantity, and that a very flight motion given to the 
time-keeper ( pari icularly when the axis of the balance be-, 
came the axis of that motion), was fufficient to alter the 
ftrengtl? and, figure of the pendulura-fpring, and pofition of 
the pjeces in refpeft of the balance-wheel, fo as to change the 
rate of the time-keeper; and, what was worfe* require a. 

• In their Memoirs for 1804. A premium of 30 guineas was 
awarded for this invention. 
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| new adjuftraent of the balance, to accommodate itfelf td the 
Ganges made in the fpring, and other parts connected with 
it Hence it became necedary, that fome means Oiould be 
ofedtoftop the balance at certain limits beyond its natural 
arch of vibration ; and various attempts haw been made to 
efledt it. One way is, by a moveable piece on the axis of Conner methods 
the balance, which banks againft a pin, yet fo as to fuflfer 
I the balance to vibrate more than 360 degrees. Another me- 
thod is to have a piece moveable on a centre in one of the 
arms of the balance, and applying itfelf as a tangent to the 
pendulum-fpring, which pafles through a hole in the piece. 

It has alfo a knee, which almoft touches the plate, and juft 
J pafles free of a pin placed in it. But when the balance vi* 

! brates fo as to approach its utraoft limits, the a&ion of the 
[ faring, while in a ftate of unwinding, throws the piece out- 
i w vd, fo as to fall in the way of the pin, and (lop the balance 
| from proceeding farther. Another mode is by a firaight fpring, 
fcrewed upon the plate, having a hook at the end of it, into 
which a pin placed in the balance ftrikes, when, as before, 
the pendulum -fpring, in unwinding, touches the firaight 
faring, and moves it a little outwards. There is alfo a way 
of banking by means of a bolt, which is thrown back by the 
pendulum-fpring, and made to fall in the way of a pin placed 
r in the rim of the balance. Thefe are the principal modes of They areob- 
| hanking now' in ufe, and they do not differ materially from 
one another in principle. But the Weight and fridlion of fo tion. 

| rnaoy pieces, on fo delicate an organ as that of a pendulum* 
faring, are perhaps nearly as hurtful to the time-keeper as the 
fajwy it may fufiain when, it is left without any banking 
\ whatever. 

In Figures 1 and 2, Plate VI, the fame letters are placed, Defcnption, 
t lofignify the fame things. A A is the balance to which the w »*h reference 
I pendulum-fpring is fattened in the uluah way. In one of 4hfe 
croffes of the balance is placed a pin P, which Hands a little 
i way above its furface ; and when the balance is caufed to 
vibrate a complete circle, the pin in its motion will deferibe 
the dotted circle POQ, and juft pafs clear of the inlide of 
a projection formed on a cock B, which is fattened on the 
plate by means of a ferew. At about one-fourth of a turn of 
I pendulum -fpring, reckoned from its ftud E, is p’aced a- 
[ fCf y delicate tapering piece of fteel S, having a fmall hole in 

12 it. 
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Ddcriptlon, i|, through which the pendulum-fpring pafies ; and it 'U 
wiA reference to jt by means of a pin, and (lands perpendicular to 

to e engraving c>irV £ of the fpring. Let the balance be at reft, as re- 

prefented in Fig. 1, the banking-pin at P, and the banking- 
piece at Suppofe the balance is made to vibrate from 
towards O, when P arrives at the banking-piece s 9 ik will 
pafs it without touching, becaufe its extremity s lies wboUy 
within the circle traced out by the banking-pin. But when 
the taking-pin P has arrived at Q, the banking-piece s will 
bave advanced to f« by the pehdulura-fpring winding itfelf* 
up into the figure reprefented by the dotted curve ; and when 
the banking-pin P (now at Q.) returns back to P, and paflfes 
$n from P towards Q, to approach B, and fo complete the 
other half-arch of its vibration, before P can arrive at the 
bank ipg- cock B, the penduiuro-fpring will have unwound 
itfdf into the figure deferibed by the dotted curve, and the 
banking-ptece s will have advanced into the pofition at r 
juft touching the banking-cock. Its extremity r, however, 
being thrown beyond the dotted circle* muft necefiarily (all 
in the way of the banking-pin, which arrives there almoft at 
the fame moment, and is oppofed by it, without the flighted 
(hock to the pendulum-fpring. The model* renders anyr 
farther explanation uunecelfary. 

WILLIAM HARDY. 

No. 61, Chapel-Street, near White- Conduit-Houfc, 

Jan. 13, J S04r. 


XVI. 


Defaription of a new Apparatus for making the gafform Oxide of 
Carbon. Communicated by Mr • Deyeux. t 

The progreft of It is generally admitted, that chemiftry is indebted to the 
chemiftry owing Invention of various kinds of apparatus, and Die perfedion to 
proved app which they have been brought, for mucii of the progrefs it has 
tus. made within thefe laft thirty years. 

Inftance in that For inftance, before Woulfe made known his apparatus for 
of Woulfe. obtaining the aeriform fluids evolved from various fubftances. 


* "Which is preferred in the collection of tbc Society. 

•f Annalcs dc Chirnie, Vol. LI1L p. 76. 

cither 
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^either when expofed to the action of fire, or when brought 
into contact with matters capable of combining with them, 
the operator was obliged to employ bulky veflels, difficult to Inconvenience 
manage, and fo inconvenient, that he did not wifii to a PP^y ^^ oWiaftru "* 
them ; and when he did, it was impoffible for him to coiled! 
the aeriform fluids with any accuracy ; for when they were 
rarefied to a confiderable degree, they efcaped through aper- 
tures left purpofely to preferve the veflels from hurtling. 

Thefe inconveniences ale now removed by Woulfc’s appa- Contnfted «t- 
rstas, fo that the operations in which gafes are evolved may lhc 

eafily be performed in veflels of fmall bulk ; the gafes may be meat of vdfcta!" 
fabjeded to calculation; their quantity as well as quality 
ascertained with the utmod precifion ; and operations, which 
were formerly confidered as very hazardous to the operator, 
may now be continued for hours together without the lead 
fear of injury. 

With thefe advantages many others are conneded ; and it 
is known to every one, that they are owing to the degree of 
perfedion to which chemifls have brought Woolfe’s appa- 
ratus, and particularly to their happy application of it oh 
various occafions. 

Yet, notwithdanding thefe difcoveries have been carried a Improvement* 
great way, it is more than probable that many remain to be ^^ cmain 10 ** 
made : tod much praife therefore cannot be bedowed on fhofe 
who turn their attention to this important objed, fince the 
apparatuses they invent are fo many new means afforded che- 
nrids of colleding an infinite number of produds which fre r 
quently efcape them, and the knowledge of which may have 
great influence on the improvement of chemical fcience. 

From thefe motives I have thought it may be of ufe to make Invention of Mr, 
known an apparatus just invented by Mr. Baruel, operator Barucl > 
to the chemical ledures of the Medical School at Paris. 

This young chemid, who had often noticed the difficulties for decompofing 
and even dangers incurred when it is neceflary to decompofe ° r com " 
gafes; or to combine them with different fubdances, attempted othoTubSnce*. 
to make feme alteration in the procefles commonly employed 
in the laboratory for operations of this fort ; and after fever at 
trials he invented an apparatus, which fucceeded beyond his 
hopes. 

I have feen this apparatus employed with the grcated foe- Gafiform oiide 
ceft for the fabrication of the gafiform oxide of carbon. This of c , arbon for * 

mcrly procured 
gas, with difficulty. 
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Defcription of 
the apparatus* 
and method of 
procuring gafi* 
form oxide of 
Carbon. 


i« now eafily gas, which formerly was to be procured only with difficult j 

*“**• and in fmall quantity, may now be obtained eafily, readily, 

and without much expenfe, which affords the advantage of 
fubje&ing it to many more experiments than has hitherto been 
done. 

Other ufes of thp The apparatus in queftion may be of ufe likewife for the 
apparatus. preparation of fulphurated hydrogen gas, carbonated hydrogen 
gas, and phofphorated hydrogen gas: it may likewife be eoa- 
ployed for faturating a gas with any fubfiance whatever, par- 
ticularly when a high temperature is requifite for this fa t il- 
lation . 

The better to make known the apparatus of Mr. Baruel, 
I will give the defcrjptiop of it communicated to me by the 
author, and add a (ketch of it, which will give a more con^ 
plelq idea of all its parts. Plate VIII, 

Defcription of Suppofe it is required to make gafiform oxide of carbon : 
the apparatus, fome charcoal is to be taken very dry and carefully chofen, 
pocTring ga<U broken into fmall pieces, and introduced into the three gun- 
form oxide of barrels, B, C, D. The charcoal is to be prelfed lightly toge- 
carbon ' ther with an iron rod, fo as to occupy only the part of each 

barrel that is to be heated, but it mu ft not be rammed hard. 
The three gun-barrels are then to be placed horizontally fide 
by fide in a reverberatory furnace, A , leaving about two 
inches difiance between them ; fecured in their places with 
xnoifiened brick earth, and covered with the dome of the 
furnace. 

This done, fix in the mouth of the barrel B the glafs tube 
p, which is curved fo as to admit its other extremity to be 
inferted into the neck of the bottle F ; the neck of this bottle 
being large enough to hold likewife the pipe of the curved 
funnel G» Into the oppofite end of the barrel B one of the 
ends of the cprved tube H is to be introduced, the other end 
of the tube being inferted into the opening of the barrel D, 
fo as to forip a communication between B and D. A fimilar 
tube I is fitted to the other extremity of P and the adjacent 
p nd of C, forming a communication between thefe two bar- 
rels. Laftly, From the oppofite extremity of the barrel C 
iflues the tube K, vvhich is bent at right angles, fo that its 
fecond curvature pafTes under the receiver M, placed on the 
ifielf pf the pneumatic tub with water L. 

Every 
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Every thing being thus arranged, carbonate of lime diluted Defection of 
with a fmall quantity of water is to be poured into the bottle jjjj »cthodof 
F, and after all the joints of the tubes have been luted with procuring gafi- 
areat care, a fire is to be kindled in the furnace. As foon for ™ °* ,dc o{ 
as this fire is fufficicntly ftrong to make the gun-barrels red- 
hot, falphuric acid is to be poured into, the fennel G, and; 
when it comes into contad with the carbonate of lime in the 
-bottle F, it will expel a large quantity of carbonic acid; 

This acid presently pailes through the tube E into the barrel 

B, is convey ed from B, to D thrauj^i the tube H, from D to ' " 

G through the lube I, and thence ifluing by the tube K, comes 

out beneath the receiver M, placed on the fhelf of theprreu- \ 

mat ic tub. ^ . 

The objed propofed by Mr. Baruel in this arrangement of 
his apparatus, was to oblige the carbonic acid gas evolved 
from the carbonate of lime, to traverie the charcoal con- 
tained in the three, gun- barrels, and thus laturate itfalf with 
all the carbon it could lake up. 

In fad it is eafy to conceive, that this method^ muft be This method 

more certain and expeditious than that formerly employed*. more 5? rtain and 

. , r ~ . .. ^ t J expeditious than 

when the operator was falished with palling the gas through the old ; 

a (ingle barrel. It is true it was collected, and fubjeded to a 
fecond operation, or even to a third ; but this mode was te- 
dious, and much of the gas was always lofl. In this new for nothing is 
method on the contrary nothing is loft, and a produd is fepa*. Stained" 
rated at once, which potVetfes all the properties that character- at on<*. * '• l 
ife the gafi form oxide of carbon, and which may be u fed un- * 

fparingly, fince it is always obtainable in large quantity. ( . * 


XVII. 


Defcription of an improved Mill for levigating Painters Colour* 

Ly Mr, James Rawlinson, of Derby** * . r 

TThE hitherto very unmcchanical, inconvenient, and highly Creat incoove- 
injurious method of grinding poifonous and noxioqs colours, 
led me firft to imagine a belter might eafily be contrived for feds of grinding 
that purpofe. It muft be obvious to every perfon, that the on tb* * 


ftone. 


* From the Memoirs of the Society of Arts for 1804 who 
^warded him the filver medal. 

method 
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; method hitherto adopted of grinding colours on an horizontal 
marble fiib, with a final] pebble mo Her, requires die body adr~ 
the per Ton who grinds to bend over that llab, and canfequentl jr 
bis bead ; which caufes him conftanily to inhale the noittoum 
and poifoaous volatile parts of the paint, which is not unfre— 
quontjy ground with oil fatiurated with litharge of lead; aod 
if* we may judge from the very unhealthy appearance of thefe 
men, accuftomed to much colour-grinding, it fhould teem the 
bod dffedls of this employment require a fpeedy remedy. 

Machine by . t^he machine, of which I now fend the Society m model. 


's^much'bettcr^ *° D ly th® advantage of being an efieltual remedy a£ 

performed, and ifrisextenfive and ievere evil to. recommend it, but it grinds 
without incon- 
venience. 


the colour much eafier, much finer* and much quicker, than 
any method hitherto adopted. Having oocafian for a con- 
siderable quantity of colour-grinding in the profefiion inwtiich 
J am engaged, and that in the ftneft (late poffible, and having 
made ufe of this machine fee feveral years, and being more 
and more convinced of its utility, I thought it my duty to 
ptefent it to the Society of Arts, hoping that it might not be 
^altogether unworthy of their attention. The roller of the ma- 
chine that I ufe is fixteen inches and a half in diameter, and 
/our indies and a half in breadth. The concave inuller that 
it works again ft covers one-third of that roller: it is there- 
fore evident, that with this machine I have feventy-two 
jquare inches of tbe concave marble muller in conftant work 
on tbe paint, and that I can bring the paint much ofiener 
tinder this muller in a given fpace of time, than I could by 
the u/ual method with the pebble muller, which is feldom 
more than four inches in diameter, and confequently has 
fcarcely fixteen fquare inches at work on the paint, when 
my concave muller has feventy-two. I do not mean to fay 
that a roller, the fiae of that which 1 now ufe, is the largeft 
which might be employed; for truly I believe that a roller 
two feet in diameter, with a concave muller in proportion, 
would not be hard work for a man ; and then the advantage 
to the public would be ftill farther increased, 
tni is rtpptieaMe This machinejvill be found equally ufeful for the colours 
^ ground in water, as for thofe ground in oils; and I dofibt not 
Snail, but the gVeat importance of this fimple machine will be very 

/ban geopn^y experienced in all raanyfa&ories where colours 
are ufed. The labour neceffary with this machine, in grind* 

ing 


It works wish 
fire times the 
furface of the 
muller. 
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tif colours exceedingly fine, is very eafy* It b ufeiefs 4o 
enter into any minute defcription in Ibis place, as a bare in- 
(pad Lion of the machine mull fufliciently explain it felt. •* 

To the cofeurmao it would evidently be an eflential faving 
of labour, and confequently of cxpenfe, which will probably 
have fome weight as a recogtmemialten ; and the advantages 
to the colour-grinder have been already Hated. 

Pkde V. Fig. 3. A is a roller or cylinder made of any kind Defcription, by 
of mar hie 5 black marble is e deemed the bed, becaufe it is to 

Ike horded, and takes the bed polifli. B is a concave mu Her 
covering one-third of the roller, of the fame kind of marble, 
and fixed in a wooden frame b, which is bung to the frame 
£ at % u C is a flrong piece of iron, about an inch broad, 
to keep the mu Her Heady, and is fixed to the frame with a 
joint at /. The fmali binding- fcrew, with the By nut, l list 
pafles through the centre of the iron-plate at c, is for the 
purpofe of laying more preflu re on the m idler, if required, 
os well as to keep k Heady. D is a taker-off, made of a 
'dock-fpring about half an inch broad, and fixed in the manner 
of a frame-faw in an iron frame k , in an inclined pofitio* to 
the roller, and turning on pivots at d d. G is a Hide-board to 
draw out ocoafionally, to clean, &c. if any particles of paint 
fhould fall from the roller, and which alfo forms kfelf for the 
plate H, to catch the colour on as it falls from Hie taker-off. 

F is a drawer, for the purpofe of containing curriers (havings, 
which are the bed things for cleaning paint-mills,— £ is tile 
frame. 

Previous to the colour being applied to the mill, I thou Id PulwisttSoa, 
recommend it to be finely pulverized in a mortar, covered in or *** grinding* 
the manner of the chemids when they levigate pot fonous drugs ♦. €V *~ 

This procefs of dry-grinding is equally neceilary for the marble 
flab now in ufe ; after which it Choukl he mixed with oil or 

• Or rather in an improved mill, ufed at Manchcfter by Mr. 

Charles Taylor, for grinding indigo in a dry date, of which I 
have annexed a drawing, and reference, to render the whole bufi- 
nefs of colour-grinding complete. — Note of (be Author . 

This is the fame apparatus as was ufed under the name of a phi - 
hfopbicai mtt, in the laboratory at Gottorp, about the beginning of 
the lad century. See the memoir of Dr. Joel Langelet, with an 
engraving, tn Lowtkorp's Abridgment of tke Philofepkicai Tranfr 
ftAfeps, Uj, 3J8<~rW. N. 

water, 
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MR. RAWLlKSON*8 COLOUR MILL. 


Method of 
woikiog. 


Quantity and 
finenel't of 
grinding* 


This mill is not 
a crude project, 
but has been 
ufed feveral 
years. 


water, and with a fpatula or pallet-knife put on the roller, near 
to the top of the concave mu Her, and the roller turned round, 
which takes the colour under the raulier without any difficulty, 
and very few turns of the roller fpread it equally over its furface* 
When it is perceived fufficiently fine for the purpofe required, 
it is very eafily taken off by me^ns of the taker-off defcribed, 
which mud be held againft the roller, and the roller turned the 
reverfe way, which cleans it very quick and very completely ; 
and the muller will only require to be cleaned when you defift 
or change the colour. It is then turned back, being hung 
on pivots to the frame at s i, and cleaned with a pallet-knife 
or fpatula very conveniently. Afterwards, a handful of cur- 
riers (havings held on the roller, with two or three revolutions 
cleans it effectually ; and there is lefs wade with this machine 
than with any marble flab. 

As to the quantity ground at once on this mill, it muft be 
regulated by the (late of finenefs to which it is required to be 
ground. If it is wanted to be very fine, a fmaller quantity 
mud be put on the roller at a time ; and as to time requidte 
for grinding a given quantity of colour, this will alfo depend 
on the date of finenefs to which it is ground. I have obferved 
that my colour-grinder has ground the quantity of colour which 
ufed to ferve him per day, with this machine, in three hours, 
and, as he faid, with eafe. The colour alfo was much more 
to my fatisfaClion than in the former way, and attended with 
lefs wade* 

I have mentioned the pulverizing the colours in a covered 
mortar, which would prevent wade, and prevent the dud and 
fined parts of noxious colours from being injurious to the 
grinder. In fome manufactories, where large quantities of 
colours, prepared from lead, copper, and arfenic, are ufed, 
this precaution is particularly neceflary. I do not mean to fay 
that my machine is intended to fuperfede the paint-mill now 

ufe for coarfe common colours. It is intended for no fuch 
purpofe; but to fuperfede the ufe of the very awkward and 
unmechanical marble dab now in ufe, and on which all the co- 
lours for china manufactories, coach-painters, japanners, and 
colour-manufaCturers for artids, &c. &c. are now ground. 

Several of the colour manufacturers have exprefled to me 
their great. want of fuch a machine; and that I had no defipe 
of troubling the public with a machine that would not anfwer, 

is 
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is evident, from my having ufed it feveral years before I pre- 
fumed to recommend it to their attention. Being therefore 
now completely convinced of its utility, and hoping that it 
might relieve a number of my fellow-creatures from a dan- 
gerous employment, I have ventured to commit it to the pro- 
tection of the Society of Arts ; hoping, through their means, 
to fee its ultimate fuccefs. And, farther to give the Society 
the mot complete aflurance in my power, 1 have annexed the 
opinion of a very ingenious and mechanical friend of mine 
who has frequently fecn it work. If any other queftions fhould 
occur to the Committee, that may be in roy power to explain, 

I Avail gladly do fo. 

I am. Sir, 

Your mot obedient fervant 

JAMES RAWLINSOM. 

Derby, Feb. 6, 1S04. 

Charles Taylor, Efq. 

P. S. When the colour is ground, I recommend the follow- Inftruftions Car 
ing mode of tying it up in bladders, in preference to the uTual 
method. Inftead of drawing the neck of the bladder cjofe, in lour, 
the a cl of tying it, infert a flender cylindrical flick, and bind 
the bladder clofe around it. This, when dry, will form a 
tube or pipe, through which, when the flick is withdrawn, 
the colour may be fqueezed as wanted, and the neck again 
clofed by replacing the flick. This is not only a neater and 
much more cleanly mode than the ufual one of perforating the 
bladder ; and flopping the hole with a nail, or more com- 
monly leaving it open, to the prejudice of the colour; but 
the bladder, being uninjured, may be ufed repeatedly for 
frefli quantities of colour. 

N. B. The barrel of a quill may be tied, in place of the . 
flick, into the neck of the bladder, with its clofed end out- 
wards, which will keep the colour fecure in travelling, and k 
when ufed, the end of the quill being cut off, it may after- 
wards be clofed by a flick.* 

9 A certificate from Mr. Thomas Swan wick, of Derby, and 
alfo from Mr. John Middleton, of St. Martin's Lane, confirming 
tbc above ftatement, accompanied tbefe papers. 
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Defer! ption 
the mill for 
grinding* 


Reference to the improved Mill for grinding Indigo, or other 
dry Colours . 

Plate V . Fig . 4. L reprefents a mortar made of marble or 
bard ftone ; one made in the common way will anfwer. M* 
A muller or grinder, nearly in the form of a pear, in the 
upper part of which an iron axis is firmly fixed, which axis, 
at the parts N N, turns in grooves or flits, cut in two pieces 
of oak projedting horizontally from a wall, and when the axis 
is at work, are fecured in the grooves by iron pins O O- 
P, the handle, which forms a part of the axis, and by which 
the grinder is worked. Q, the wall in which the oak pieces 
N N are fixed. R, a weight which may occafionally be 
added, if more power is wanted. 

Fig . 5. fhews the muller or grinder, with its axis feparafe 
from the other machinery ; its bottom fhould be made to fit 
the mortar. S is a groove cut through the flone. 

On grinding indigo, or fuch fubflance, in a dry ftate, in 
this mill, the muller being placed in the mortar, and fecurcd 
in the oak pieces by the pins, the indigo to be ground is 
thrown above the muller into the mortar; on turning the 
handle of the axis, the indigo in lumps falls into the groove 
cut through the muller, and is from thence drawn under the 
adlion of the muller, and propelled to its outer edge within 
the mortar, from whence the coarfer particles again fall into 
the groove of the muller, and are again ground under it ; 
which operation is continued, till the whole of it is ground 
to an impalpable powder; the muller is then eafily removed, 
and the colour taken out* 

A wood cover, in two halves, with a hole for the axi«, 
is ufually placed upon the mortar, during the operation, 
to prevent any lofs to the colour, or bad eifedl to the 
operator* 
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XVIII. 

\ 

A new and cheap Method of purifying Gold and Silver. By 
Andrew Thoms on, Efq. of Banchory, ,ncar Aberdeen . 
In a Letter from the Difcovercr . 


To Mr. NICHOLSON. 


SIR, 

I INTENDED to have deferred the prefent communicaiionTb'* pohfic*t5oo 

till fuch time as I fhould have it in my power to lay before 

public the complete feries of experiments in which I have the imnmr 

been engaged with regard to the purification of gold aod^j^^** 

filver. But unluckily I mentioned a few particular circum* 

fiances with regard to them, to a man who took it upon him, 

without my knowledge, to fend an account of them for 

publication to a periodical work. As I underftand that work 

will not appear fo foon as your next number, I beg, if yow 

think it worthy of a place, that you will infert the following 

account of fome attempts I have been making to purify the 

precious metals. 

Being much at a lofs for want of a crucible of pure 
for the aoalyfis of fome minerals, and as all the ufual methods trading copper" 
practiced for purifying that metal are very troublefome, I feifrom bdl-mcuL 
myfelf to confider the various operations on metals, in hopes 
of falling on a more fimple way of accompli thing my per pole. 

At length, I found a proccfs of Pelletier's, which promifed to 
fucceed, and mine is merely extending his idea a little further 
than he did himfelf. 


He was, I believe, employed by the French government Hc die da 

to difcover an eafy way of feparating the tio from copper on *** ra * npnf * 
belUmetal, and foe procefe he gave, is this. Upon foe 
melted bell-metal preyed black oxide of manganefe in powder, 
frequently fiirring the metal till all the tin becomes oxidated- 
by the manganefe. He adds a caution, not to add too moch 10 fuc h proper- 
manganefe, other wife part of the copper alfo will be SfcaMw* ** 
deflroyed. copper. 

It immediately ft ruck me, that io this way I might be able The author** 
to oxidate the copper which alloys our filter, and upon oc5«ft^hw«Sii 
making the trial I fucceeded completely ; I had fome impure rolled out; then 

film rolled out to about the thicknefs of a fhilling, this 

6 bedded m man- 

COtled ganefe $ and 
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kroogly ignited coiled up fprralfy, and put into a crucible, the bottom of 

iTboarf rter w ^* c ^ was with black oxide of manganefe. I then 

Alt the metal added more oxide till the diver was covered, and all the 

va* raided* (pace between the coils completely filled. A cover was then 

luted to the crucible, and a fraall hole left for the efcape of 

oxigen gafs. When this had been expofed for a quarter of 

an hour to a heat fuffigient to melt diver, I found the furface 

of the manganefe brown from the lofs of oxigen ; but, where 

the (ilver had been, the whole was one uniform black powder/ 

without the lead appearance of metallic luftre, fo that I had 

no doubt, that even the diver was become an oxide. 

•Ae whole con- X then put the whole contents of the firft crucible into a 

put^nto* 6 larger ^ econ< ^ of a larger dze, into the bottom of which I put a 

crucible with quantity of pounded green glafs, about three times the bulk 

thrice its bulk of 0 f t j ie con tents of the firft crucible, and luted on a cover as 
green glau. 

before, to prevent the accefs of any inflammable fubdance. 
Strong heat The crucible was then expofed to a heat fufficiently ftrong 

tD me ^ l ^ e 8* a k ve, T *^»d. Upon cooling and breaking the 
filter pure, and crucible, I found the diver at the bottom perfectly pure, as 
alone in a button, it* oxide alone could part from its oxigen without the accefs 
Thi* procefs of fome inflammable fubdance. I find this procefs anfwera 
wto ipM?** 11 * equally well for purifying gold, and to me h feems to poifcfs 
fome advantages over all the former methods. The materials 
ufed are cheap, and a large quantity can be refined as foon, 
and as eadly as a fmall quantity, by merely altering the capa- 
city of the crucible you ufe. 

The metal moft 1 tried the dune operation on gold and diver in round 
naafles, but found it went on very (lowly, and w’hat I fcarcely 
expefted, in the fird part of the procefs of oxidating the 
metaisi the remaining metal continued uniformly impure or 
nearly fo, until the whole was oxidated. 

The proportions, x regret that X have been forced to ratke this matter public f 
Sen^UcaufiT I could do it in a manner fctisfa&ory to myfelf. I 


The metal muft 
be in thin or 

tfmtll mifl gL 


given, btcauie 
the author has 
htftened to com- 
municate his 
procefs* 


wilbed.to have given the exa 6t proportions of alloy, manga- 
nefe, and glafs to be generally died, and to have ascertained 
if there, is any truth m the old opinion, that faltpetre melted 
with gold dedroys a part -of it. I fuppofe that idea may have 
arizen from the oxigen given out bythe nitre in a high heat, 
oxigenating the copper contained in the impure gold, which- 
has been the fubjed of the experiment. 

5 Since* 
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Since the above was written, I have been informed that^e vindicate# 
Ibis matter l»os actually been puMithed, but know not ih whatf* 1 ** cllun * 
work. I hope you will ftill have the goodnefs to infer! this at 
an original cbmmunicalion, as I db not think the perfon who 
has publifhed it will have the impudence to call it his own, 
and as Mr. Kir wan, and other celebrated chemifts king ago 
advifed me to publifh if, I have already dated my reafons for 
not following fuch good advice. 

As I have now been fbrced to appear before the public, I 
have hopes I (hall be able to prevail on fome of my friends to 
commit themfelves in the fame way, in the confidence that 
their labours will be found ufefu! to the public. 

I am, Sir, 

Your*s truly, 

ANDREW THOMSON* 

Banchory , by Aberdeen , 

May 5th, 1305. 


XIX. 

Memoir on the P rnpagation qf Sound. By M. Hass en fra tz. * r 

The production of found is aferibed by all natural philofo- Sound produced 
phers to the vibration of the molecules of bodies. by vibrations. 

The vibration of thefe molecules admits of two kinds ofwhich differ fa * 
Modification; 1ft, in velocity \ 2ly, in magnitude. The firft * * 
of thefo determines the nature of tones; the fecond, their ma * nu 
force or inteniity. 

Sound is tfanfmrtted to the ear by the molecules that fill the The ibnoront 
medium or interval between, the (onerous body and the orvan bod3 V n, ? reff< * 
at the hearing. The movement of the fonorous body imprefles feme medium, 
on the molecules of ibe medium an impulfe, which the> 
tranfroit^rom one to another, <Aiil it reaches the ear, with a rinuS tothT" 
greater or lefs velocity. In this Iranfantfion the vibration may e# * # 
undergo two kinds of alteration: 1ft, is its velocity; 2dly, in 
its intenfity. In ibis memoir I (hall only tranferibe fome ex- 
periments relative to the velocity of found. 

Pbilofophers have Jong been engaged in determining the Tfce velocity of 

velocity of found, but conlidering the air at the chief medium fouod hith « ,to 

examined anty •* 

* Annales de Chimie, Vol. LIfl. p. 64 . ia 

by 
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This Telocity 
uniform in a 
given medium, 

and the denfity 
of the medium 
isooeof iuele- 

meats. 


Not affeded by 
the height of 
the barometer. 


Blanconi aflerts 
it to be left in 
winter than in 
fummer. 


Dofiam denies 

this, bat is pio* 
babiy wron g. 


Nbtaffcdedby 
rain or fine 

wMbee 


by which it is tranfmiUed to th* ear, they have attended only 
to its velocity in air y and have employed two different men 
thods to determine this, theory and experiment. 

, Thefe two methods have led to the following remarkable 
refults: 1(1, that the velocity of found in a given medium, ia 
uniform* whatever its diftaoce from the phonic centre, and 
whatever its inleufily: 2dly, that the denfity of the medium, 
at equal preflures is one of the elements of the velocity; for it 
has been foupd by theory, that the velocity of found is the fame 
as that of a body (ailing from half the height of an aAmof-: 
phere fuppofed to be of equal denfity with the air in the place 
where the found is tranfiuitted; and by experiment, that, alL 
other circumitances being equals the velocity of found is the 
fame at different preffures of the barometer; fo that it is equal 
on the Turnout of a mountain and on the fea-fhore. In fafl, 
the denfity of the air being proportional to the coraprefling 
weight, the height of the column of mercury in the barometer, 
divided by the denfity occafioned by this preffure, is a conflant 
quantity ; and the height of the atmofpbere of a uniform den- 
fity being equal to the total weight of the air divided by its 
denfity, it follows that the height of the barometer ought to 
make no difference in. the velocity of found. Blanconi afferta. 
(Comment. Bonon, vol. II. p. 3(55), that the velocity of found 
is left in winter than in fammer, ftnee, according to his expe- 
riments, it takes four feconds more in winter to traverfe a (pace* 
of* fixteen Italian miles. Derham affirms, that the velocity of 
found is the lame whether the air be extremely hot or extremely 
oold, though his tables of experiments will be found on ex- 
amination favourable to the opinion of Blanconi; for the* 
greeted velocity of found in them was on the 5th of April, at 
one o’clock in the afternoon, being three miles in 1 1 1 half- 
feconds, and tbe lead velocity on the 12th of February, at fix 
o’clock in the evening, being three miles in 122 half-fecond*. 
As theexperimemsonthe velocity of found undertake by the 
Academy of Sciences in 1737 were made at temperatures that 
exhibit only two or three degrees difference, perhaps it would 
be well, as Mr. Laplace thinks, if they were repeated at a 
time of the year when the temperature is very different; for 
experience has taught us, that this velocity ip equal in rainy 
and in fine weather, fo that nothing but change of temperature 
can produce any variation in this refpeft. 
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Whatever thefe refults may prove, as the experiments oil 
the velocity and propagation of found have been hitherto made 
in the air alone, it was an interefting enquiry to determine the 
velocity of (bund, when tranfmitted by other bodies, and par- 
ticularly of different denfities with refpeft to air. Mr. La- 
place, to whom branches of phyfical fciencearc indebted fof 
improvement, invited me about eight months ago to make 
experiments on this fubjed, and particularly on the propaga* 
tion of found through folid bodies ; and the experiments of 
which I (ball give an account in this paper were principally 
made in confequence of that gentleman's fuggeftion. 

Making experiments in the quarries beneath Paris on the ftrperimehtv on 
iranfmiffion of found through long galleries, I caufed a perfon 
to firike with a hammer againfl a mafs of (lone, retiring at the the (tone in 
fame time by degrees from the place of Ariking, in order to* uarriet * 
diflingaifh if pofhble the found tranfmitted by the Aone from 
that tranfmitted through the air. Placing my ear againfl the 
mafs of calcareous Aone through which thefe galleries are car- 
ried, at a Aiort diAance I diftinguifhed two founds perfectly fe- 
parate, one tranfmitted by the air, the other by the ftone. 

Both founds grew weaker in proportion as I retired from the 

linking point ; but that tranfmitted by the ftone was weakened 

much more rapidly than that tranfmitted through the air. Inltwts coritey ti 

a gallery excavated beneath Rue de la Harpe the found tranf- *J* rou * h die 

milled by the ftone ceafed to be aodible at 1 34- paces diAance; paces; 

and in a gallery beneath Rue de St. Jaques at 140 paces.—* ““*hui through 

Through the air the found was tranfmitted to 400 or 4-40 paces the air 440. 

diftance. The found tranfmitted by the ftone always reached ** P 4 *** 8 

y J through 

the ear much fooner than that tranfmitted by the air. flf one . 

Mr. Berthollet, to whom Mr. Laplace imparted thefe re- Experiment rt- 
fulls, defrrous of being allured whether the found of a hammer peated* and 
could be tranfmitted through a mafs of ftone 1 40 paces thick, 
requefted Mr. Gay, by my defire, to be prefent at my expe- 
riment^ With this young cbemift 1 repeated tint experiment the (bund con- 
of the tranfmiffion of found through ftone on feveral fe par ate **1** *5°?**** 
mafles, and he convinced himfeif, that found was capable of 
being tranfmitted through a mafs 150 paces in length. 

It was long ago obferved in working mines, that the notfeTh* propagation 
was propagated to a very great diftance through mafles of^ 0,l £ d trough 
rock; and the line of the found heard through the ftone ferves oWerved 
on many occafions to determine the direction in which; the gaU chariot* 

Voa. XI,— Juki, 1S05. K ieriea 
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lories ere carried on ; but do one had attempted to obferve, 
whether the velocity of the found (ranfmitted by the ftone dif- 
Its velocity ap* feted from that of the found tranfmitted by the air. My ex- 
Sac of y i!ghtf tJ> P®H mc| fi s * n the quarries underneath Paris have flight me* 
that the difference is con fid era ble ; and when the gallery is 
Efficiently firaigM, to be. able to difcern the motion of the 
hammer with Ufe eye, no calculable difference can be per- 
ceived between the conveyance of the motion to the eye and 
that of the found to the ear. 

The differences The di (lance which the found of the hammer can be con- 

of thediffances ve yed to the ear varies considerably with the nature of the 
Co which found J „ . r f _ . 

is traofmitted K0H9 and the reparations or nftures in the mats. Having 

through foKd can fed a man tofirikc with reiterated blows againfl an ifolated 

njpflfcSrenurk- wa j^ built commojv ft one Q f ^ fame kind as that in the 
quarries# and cemented with mortar, the found was tranfmit- 
ted only thirty paces. Striking in the fame manner on a pa*. 
Mpet of itewn fione raifed on the borders of the Seine, the 
found was tranfmitted 4G paces. Thefe experiments were 
made in the open air by day, consequently under circumftances 
Jefs favourable to the propagation of found than when on the 
calcareous malfes in the quarries ; but the difference between 
SO and +6 paces, under the fume circumfiances, on mattes 
differing only in the dimenfions of the fiones of which they 
were formed* is very remarkable. 

Experiments rc. Encouraged by the fucccfs of my expeiiments in the qu&r- 
pcated, . rfes, and by the invitation of Mr. Laplace, I attempted to re- 
peat the feme experiments on different fubfiances. 
bn timber. By the fide of the high road that leads from the place dcla 

Concorde to Chaillot along the bank of the Seine, on the fione 
wharf of St. Leir, oppofite the fieam-engine of Gros-Caillou, 
is placet a railing 210 paces in length, formed of 51 pieces of 
Conveyed fir- timber, feparated by four large pofts. The blow of a hammer 
sher than m the al ooe extremity of this railing was heard diftin&ly at the 
0 pcn a»r. 0 ih er> though through the air it was audible only 120 puces. 

At the difiance at which both the founds were audible, that 
.through the wood was heard long before the other ; and when, 
(landing at the greateft difiance from the place of the blow, I 
Its velocity ap- heard only the found tranfmitted through the timber, the ve- 
‘dhatofC^u 1 to its tran ^ m *^ on was fo great, that it was difficult to 
difiinguifh any interval between the perception of the found 
, by the car, and of the motion of the hammer by the eye. 

Having 
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* Having convinced myfeff, that the' propagation of found 
through fione and through wood was effected with much 
greater velocity than through air, and that the time of its tranf* 
toifftoa to fuch (hot! dithmces as thefe on which I was able to 
make experiments was too little for calculation, I was deiirou* 

•f knowing whether the velocity of its tranfmiffiorr through 
metallic fubfiance* were the fame. 

• Several experiments on bars of iron fixed on folid mafles, as'Similar expcri- 
the bars that hold together the ftones of parapets, having given ™* nts 
me uncertain rdfults, I fought for ifolated bars of fufficient ban of iron.”^ 
length to afford feme certainty. My firff experiment was made 
en the upper bars of an iron railing, 3 4* paces long, ereftfed on 
one of the walls of the garden of the Legiflative Body, ad- 
joining to the Place des Invalided On ffriking one extremity 
of this affemblage of bars, two diftinft founds were heard at 
the other end; that tranfmitted by the bars, and that by the 
sir; the former being always heard firff. The fame experi- 
ment afterwards repeated on bars of different lengths, gave 
me the fame refult; and this refult is fuch, that it isimpoffibfe 
to diffinguifh, at the final! diflances at which thefe expert- ' 
meets were made, any difference between the Iranfmtffion of 
the motion by light, and that of the found by the folid me- 
dium. 

Repeating my experiments on the velocity ami propagation Mr; Otj ftp* 
of found through the maffes of ffone in the quarries beneath P oleJ he heard 
Paris, in company with Mr. Gay, this young chemift imagined th^ough"^ air, 
that he difiinguifhed two founds tranfmitted through the air, firrt a grave, 
one grave and the other acute, which reached his ear in fuc- thcil m afiutfc 
ceffion, the graver found appearing to have the greater velo- 
city. 

This refult, though contrary to the theory of the propagation Mairan and 
of found, according to which grave and acute founds ought , ot J? ers Jwd cohm 
to have the fame velocity, had already been conjeflured by fe-famc* 
veral philofophers, particularly by Mairan, and was therefore 
worth confirmation. For this purpole I firetched two firings, E*rcrment to 
one of brafs, the other of catgut, fo as to make them eroit^””* 11 * **“*• 
two different tones, the firft one more acute, the fecond one 
more grave ; then finking both* thefe firings at once with the 
wood of a black lead pencil, the two founds, which were con- 
founded together at firfi, appeared (o feparate at the difiance 
of 400 paces in a large gallery of the quarries, and we both 
imagined we could diftinguifh the graver found firfi. 

K 2 While 
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probable caufe While ebferving the propagation of found in the galleries* 
of fallacy m this j ^ a( j f evera ] times occaflon to remark, that a found at a great 
di fiance was frequently repeated, either by reflexion or b y the 
vibration of the walls* fo as to caufe two differerent (bunds to 
be heard and diftingu idled, which reached the ear in (ucceQjcm^ 
As it was poffible that the difference which appeared to Mr. 
Gay and me might have been produced by the caufe here rpen<* 
tioned, I determined to repeat the experiment in the open 
air. 

The experiment For this purpofe I took two glafs bells* the tones of which 

repeated in the were as ftn Q Q ave ^ a fifth th at j s th e ral j 0 0 f their vibra** 
open air. 

(ion was as 1 to 3. A hammer was fo arljufied as to ftrike* 
both the bells at once, and make them found at the (ante in- 
fant. Carrying this inflruinent into the fields, 1 endeavoured 
to afcerlain whether the two founds reached the ear in unequal 
, times. Several experiments repeated in various places, made 
ipe believe a long time, that their velocity was unequal ; but 
baying obferved, that on fome occafions the founds reached the 
The double ear at the fame time, I was led to remark, that whenever X 
efcn^herebywi * ma g ,nec ^ I diftinguithed a difference of velocity, this differ-* 
echo. epee had been occa Coned by a repetition of the found, and 

that frequently very trifling obflacles, as trees or hedges* were* 
Grave and acute fufficienj to produce this repetition. I repeated my expert 
fanwf vcbcky!* 6 016018 therefore anew, in the midft of plains of greater or lefs 
extent* as thofe of Montronge, Grenelle, St. Denis, &c. 3 nd 
whenever I was remote from any obflacle capable of producing 
a repetition, both founds were heard at the fame time. With 
my inftrument I could diftinguifh the found of the two bells at, 
the diftance of 700 paces or 631 yards; whence it follows* 
that both experiment and theory concur to demonflrate, that, 
grave and acute founds have the fame velocity. 

Conclufions from ^ rora Uie experiments related in this paper it follows : Iff* 
the experiments, that the velocity of found differs according to the medium by- 
which it is propagated: 2dly* that this velocity is much mora 
confiderable, when it is propagated by folid and very denfe- 
bodies, than when by aeriform bodies, and of little denfity : 
3dly, that both grave and acute founds have the lame velocity; 
a refult to which theory led us. 
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Jf very advantageous Mode qf preparing Muriate qf Barytes by 
• the Mutual Decompaction of J'ulphurated Barytes and Muriate 
. of Lime . By Mr . Goettling.* 

DRIESSEN of Groningen firft obferved, that muri- Drieflen firft 
He of lime and fulphate of barytes decotnpofe each other at a 
high degree of heat. TrommfdorfF verified the experiment by muriate of 
of the learned Dutch profeffor, and applied the principle to 
the preparation of muriate of barytes. He perceived, how* 
ever, that the whole of the fulphate of barytes was not de- 
composed in this way, and he thought, that equal parts of the 
two falls were the fuitable proportion for decompofing them 
as completely as poflible. Mr. Goettling has deemed the fub- 
jc& worth farther inquiry, the relult of which was the procefs 
1 (hall now defcribe. 

One part of native fulphate of barytes Tn fine powder is to Mr. Goetling’* 
be mixed with half a part of muriate of lime. + This rondure 
is to be introduced into a Heffian crucible, which is to be clofely of baryta in this 
covered, and brought gradually to a red heat. The matter way * 
mud be kept in a fiate of incandefcence a full half-hour, and 
frequently fiirred. It is then to be poured out into an iron 
cone, and after being coarfely powdered, is to be thrown into 
three parts of boiling water. The veflel being immediately 
taken from the fire, the mixture is to be fiirred occafionally 
with a glafs fpatula, and the unditfotved matter is then to bo 
left to fubfide. The dear liquor being decanted off, the reti- 
duum is to be poured into a filter of linen of a clofe texture, 
and the fluid lightly prefTed out. The refiduum being again 
lixiviated with one part of water, is to be drained as before. 

The liquors are then to be mixed together, and evaporated to 
a pellicle, to obtain the fait by cryfiallization. In this way 
we (hall have five-eights of a part of muriate of barytes. The 


• Van Mons’s Journal de Chimie , Vol. VI. p. 92. Abridged 
from the Tafchen-Buch jucr Scheidekuenfiler. 

f This muriate is obtained in abundance in our laboratories, as Muriate of lime, 
an adventitious product: it may hi procured likewife at a very ^° w obtained, 
trifling expence by adding lime to the mother-water left after refin- 
ing common lilt. ' 

mother* 
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mother-water oF the firft cryftallizafion, which isalraoft wholly 
muriate of lime, is to be fet afide for a frelh operation, or for 
any other purpofe. 

As the infolubie mafs of fulphate of lime dill contains aa 
brge -quantity 0/ fulphate of barytes, indeed -about half Hie 
original quantity, it is to be treated afrefli as above, with one 
fourth part of muriate of lime; and the fame procefs is to 
be repealed with an eighth part of the tame fait ThoswO 
obtain an addition from one to two eighth parts of muriate of 
The Mt to be barytes. The faks of the various cryfta! fixations require to be* 
diflblved aR d re-cr y ft all ix ed anew, in order to free them from 
a Iktle. muriate of lime, which adheres to them in the firft cry- 
ftaflization. 


Nitric *64 cm- 
taminttod in iu 
firft portions 
with muriatic. 
Why, according 
to Bcrthollet. 


True reafon is 
the prefence of 
an excels of 

water. 


Concentrating 
the acid in- 
fufficient, if 
the proportion 
of lith .rge be 
improper, and 
the distillation 
carried ,to4jy« 
sefiu 


XXL 

Obft nations on the Rc&ijicution of Nitric Acid , by Mr . Stein- 
ac her, Druggift at Paris.* 

It has long been known, that the firft portions of nitric acid 
diftilled from litharge contain muriatic acid. Berlhollet ex- 
plains this phenomenon by faying, that the oxide of lead di- 
viding its adion between the two acids, both are fubjeded to 
the adion of expanfibility produced by the heat. Meflrs. 
Welter and Bonjour aiTert, that, if muriate of filver be em- 
ployed, oxigenaled muriatic acid is formed, which rifes with 
the firft portions. If I may be allowed to give the refults of 
my labours after thofe of fo many able chemifts, I would fay, 
that, when the nitric acid has been fufficiently concentrated 
before being fubjeded to rectification on filver, or on oxide of 
lead, the firft part of the rectified acid is found on trial to 
contain no muriatic acid, notwithftanding the nitric acid con- 
tained much of it after its concentration; and hence I infer, 
that an excefs of water is the true caufe, that diminitbes the 
altradion of the muriatic acid for the oxide of lead or of 
filver. 

The operator however would ih vain exped to fucceed by 
merely concentrating his acid before redifying it, if be ufed a 
determinate proportion of lkharge, or diftilled to dryoefs, as 

* Van Moss's Journal As Cbtmie , Vol. VI. p. IS. 

feveral 
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federal author* direct. The quantity of litharge muft vary 
from one to eight fixteenths of the weight of the acid, accord- 
ing to its degree of impurity. On the oilier hand, if diflilled 
totirynefs, the latter portions of the nitric acid will carry over 
with them in folution muriate of lead, or of fiiver. 

Four kilogrammes (10!b. 8oz. IGdwt. troy) of nitric acid Mr* Steinacher s 
of the (hops, at 35°, containing muriatic acid, and a very lit* 
tie fulphuric, are firft diftilled in a reverberatory furnace in a 
retort placed on an earthen vefTel filled with fand. The fire 
muft be fo regulated that the drops fucceed each other fiowly, 
and half the acid is to be thus drawn off. It will then give 
13° of Baume’s areometer. What remains in the retort is to 
be poured into a bottle. Its fpecific gravity will be exprefTed 
by 4° of the areometer. Litharge being thrown into it in fine 
powder, and ftirred with a glafs rod, will be converted into a 
white powder in a few hours. More litharge is then to be 
added in the fame manner; and this is to be continued, till the* 
litharge retains its colour after feveral hours (landing. The 
muriate and fulphale of lead are then to be left to fubfide en- 
tirely, and the acid is to be decanted off into a tubulated glafs 
retort, placed on a fmall earthen plate filled with fand, in the 
midft of a reverberatory furnace, all the parts of which are 
retained except the dome. A receiver is to be adapted, which 
fits clofely without luting ; for, as the vapour of the acid eafily 
deftroys every kind of lute, the product vyould otherwife be 
liable to become impure; and the diflillation is to be fo con- 
duced, as to admit a fhort interval between the fall of each 
drop. Great care muft be taken not to fufTer the acid to boil, 
for thus it would be diffipated in incomprelfibie vapour. The 
firft half that comes over marks 35°, the fecond 40°. Both 
portions are colourlefs, and have all the properties of a very 
pare nitric acid, if y* of the liquor be left in the retort. 

If a ftop be put to the diflillation after the firft portion is fe- Beautiful 
parated, and the retort left to grow cold, you will obtain a ^^^Jf lead 
beautiful cryftallization of muriate of lead in large and very may be obtained 
brilliant ftriated hexaedral laminae. This fait is a true muriate, 
for fulphuric acid expels from it vapours eafily diftinguifhable 0 ft; 
to bethofeof the muriatic acid. On continuing the diftilla- 
tion, thefe cryftals gradually lofe their regular figure, and at 
length fall do the bottom in a powdery precipitate. 


Eafy 
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Eajy Method qf making the very comhuftible Oxide of Phq/pkoru x. 
By Amicus. 


To Mr. NICHOLSON. 
Dear Sib, 


OxUe of phofr Y^OU know very well that phofphorus united to a much 
phorui. fmaller proportion of oxigen than is requifite to render it into 

the acid ftate, brings it into the condition of an oxide which 
fets on fire fulphur, on juft rubbing it againft a common match. 
But the common method of oxidizing phofphorus for phofpho- 
ric matches by fixing it in the bottles with a hot iron, is trou* 
blefome and wafteful. This oxidation, however, may be 
effcded with great facility and economy by expofing a large 
proportion, viz. a hundred grains of phofphorus in ajar contain- 
ing half a pint meafure of oxy-murialic acid, in which cir- 
cumftance the phofphorus will be melted and fume, but fcarcely 
take fire. After cooling, it muft be kept excluded from th$ 
air, to prevent the inflammation from mere expofure. 

Pear Sir, Yours, 


May ‘28th $ 18 05. 


AMICUS, 


XXIII. 


Defcription of an extremely fcnfiblc Micro-ele&rometer. By Mr 9 
MARECHAUX.f 

A pfece of leaf In a glafs cylinder, about an inch and half in diameter and 
cdYois to^be* 1 * 1 " ^ve or ^ ,x * nc ^ es high; a pi ece of leaf filver is fufpendeji froip 
moreablc in a & fmall pair of nippers, capable of being lowered or elevated 
cylinder. ^ length of the leaf may require. The piece that carries 
the nippers may likewife be moved horizontally, fo that the 
leaf may be moved at pleafure nearer tp or further from a 
fphere of copper, which is one of the poles of the inftru? 
pent. 

♦ Tranflated from Von Mons's Journal de Cbimie 9 Vol. VI. p. 
38. Abridged by Van Mons from Gilbert's Annalen der Pbyfik. 

$ The 
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The glafs cylinder has, about 1" (centimetre, near 4 lines Through a hole 
Englith roeafure?) from the plate on which it is fixed, a fmall "mtcrometer^ 
hole, through which pafies the extremity of a micrometer- fcrcw paflcs, 
fcrew, about the fize of a large goofe-quill, and very care- 
fully cut. This fcrew has fifty threads in a Rhynland inch, 
out very deep, though very fine. It is made of two pieces, 
and OuAild be At Ieaft three quarters of an inch long, to avoid 
any (hake. The extremity of this fcrew carries a little ball, 
which is pat on after the fcrew is pa (led through the opening 
in the cylinder. To avoid all friction again fi the glafs, care 
is taken that the fcrew, when turned, does not touch the 
edges of the cylinder. The fcrew carries a plate three inches 
and a half (3.8 Englifb) in diameter, which has 360 divi— 
lions, and confequently divides each thread of the fcrew into 
as many parts. 

In this manner we are enabled to determine the fphere of by which the 
tflivity of the two electricities in ISOOOths of a Rhynland 
inch. The mounting which contains the female fcrew has a j nc h may ^ 
fmall pillar, which advances on the plate, and carries an 
dex, by which the degrees are marked with precifion. 

To ufe this infirument, which is perfectly infulated by the °f f** m 
glafs plate on which it refts, the firft thing is to place the plate StruSiatfiwrttla. 
in fuch a portion that the 0 (hall be exaCtly under the index. 

The adjufting (crew which carries the nippers, is then to be 
moved till the leaf filver is fo near the ball, that no light pafies 
between them. Thus we have the point of contaCt, and of O 
for the fphere of activity of the two electricities. To be certain 
that the leaf is brought as clofe as poffible to the ball without 
being forced out of the vertical direction, the micrometer fcrew 
(hould be moved a turn firft backward then forward feveral 
times, and the pofition of the leaf obferved every time the 
ball is brought into contaCt with it. The infirument being thus 
adjufied, the micrometer- fcrew mufi be moved backward one 
turn, and then we have between the leaf and the ball a difiance 
of one-fiftieth of an inch, which may be fubdivided at pleafure 
by means of the plate; for with a plate near four inches in 
diameter, and by means of the fine needle on which it turns, 
we may diftinguift) half or even a quarter of a degree if 
neceflary. 

An adjuftment fixed to the plate on which the cylinder refts Apparatus for 

ferves to afcertain whether the leaf of filver be in faCt drawn afcertaimng the 

perpendicularity 
OUt of the kaf. f 
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ont of the vertical line by any attractive power. This confifls 
of a fine (ilk thread, firetched m the fame plane as the filver 
leaf. By means of the fcrew this thread may be moved botfa 
horizontally and vertically, fo as to follow the movements of tho 
filver leaf. 

Mode of ofing Everything being thus arranged, make a communication 
the uiftriunenu by mean* of conducing wires between a fingle couple of me- 
tallic di(k% or one confiiluent part of a pile, placed on a plate 
of glaf*, and the infirument, fo that one of the metals (hall 
communicate with the top of the infirument, and the other 
with the bottom. Then by means of a glafs handle fitted to it 
move the plate (lowly from one degree to another, and yoa : 

. wHl find the leaf touch the ball with ordinary ele&ricity, when 

it is 60° or 80° of the micrometer fcrew from the vertical plane* 
in which the leaf filver refied before its communication with 
the metallic difks. This difianee increafes for every pair of 
difks added; and as the ball remains fixed at the point to which 
the fcrew has carried it, the motion of the infirument may be 
obferved with great accuracy. 

Its extreme (tn- This infirument is fo fenfible, that, if a (lender glafs tube 
fihilityt be rubbed but twice, and brought near the apparatus, though 

feveral inches from its fummit, it pafies through the whole 
extent of its feale. It is for this reafon the inventor calls tt 
a mwro-ekftrometer f becaufe we can tneafure only very weak 
degieesof ele&ricity with it. 

XX3V. 

Action if Thofphorus on the Solutions of Metals. By Mr. 

SCHNAUBERT *. 

Fhofphorus ob* SaGE+ had already obferved, that phofphorus precipitates 
fcrved to preci- t | )G f u |p| )a | es 0 f copper and of manganefe. After him 

by * * * n 

l fcmann, Ilfomann % obtained a cryftallization of filver in the humid 

and Mrs. Fui- way by means of phophorus. Still more recently Mrs. Ful- 
jiamc. ** * 

• Van Mo ns's Journal de Cbirn'u , VoL VI. p. 95. Abridged 
from Goettling's Ckemifchcs Tafcbcnbucb. 

f Attalyfe cb unique et Concordance da trots Rogues. 

♦ CrclPs Cbeptijcbe Annalen % 1789, Tom. II. p. 323. 

2 ham* 


Digitized by v^ooQle 



A CTfrOK or FHOSPHORtJS.* 


139 


fiame* publiflied experiments on the redu&ion of Tome metals 
by phofphorus diflolved in ether.' Lafily, Mr. Schnaubert Schnauberf* 
has undertaken a new inveftig&tioo of the fubje&, the prin- cxpcrime * tfc 
ciptl retails of which are as follows : 

CM. 

Two little bits of phofphorus were put into a nitro-muriaticGold completely 
Motion of gold diluted with a fmall portion of water. At the « >rcc, p* »n • 
expiration of twenty-four hours the (olution was completely j,hufpho*m. 
cok>u riels, and pellicles of the colour of metallic gold Twain* 
on the furface of the liquid. The phofphorus ilfelf was co- 
vered with a deep brown coating, and in this was obfervable ' 

in feveral places thin layers of reduced gold. At the place 
where the phofphorus was a black circle was perceived. 

The folation thus treated by phofphorus, had not a tingle 
atom of gold left in it. 

Silver . 

Some phofphorus, which was left for twenty-four hours in Silver prerip5- 
a nitric Tolu t ion of filver dilated by water, was completely ^ e ^ j j" dciK!rit5c 
covered with metallic filver in the form of dendrites, the ra- J 9 
indications of which were direded upwards. During ebu Ili- which hoifing 
tion this remarkable cry flat Hzat ion of filver, which made the^^y^* 0 * 
phofphorus appear as if garnifhed w ith points, afliimed firft a 
white colour, and afterward formed a light black mafs, which 
at length became of a light brown colour. 

Quickfilver . 

Mercury diftolved in nitric acid is precipitated on the phof- Mercury pred- 
pborns in the fouti of little metallic globules, which cover it-buE^ ,Dgl °* 
entirely. By heating to ebullition the mercurial globules dif- which heat con- 
appear, and a black mafs without an) metallic luftre is formed. phur* 0 * 

Lead. 

At the ordinary temperature phofphorus did not a6t on the Lead notre- 
nitric folution of lead, though the digeftion was continued for t U 1 * 

feveral days : at a boiling heat however a change was ob- 
served in the phofphorus, which was covered with a grey 
colour flightly metallic* 

* Effay on Combuftion, & c. 

Copper „ 


Digitized by v^ooQle 



140 


action or rKosFftoittrs. 


Copper . 

Copper power- No metallic (blot ion was more ftrongly attacked by phof- 
mq aded on. pj, ori f S than that of copper in nitric acid. The phofpharu* 
was no (boner introduced into the folution of copper, than it 
adorned a black colour. In twenty -four hours it was covered 
with a ft rat urn of metallic copper in very thin layers *; and 
the fokilion had become much paler. The application of beat 
caufed drops of phofphorus to flow out upon the reduced 
copper, where they immediately adorned a black colon r. 
Thefe drops after a time were in their turn covered with a 
Completely pre- metallic coat of copper. After this the folution was perfe6t!y 
STfcitttbttT colourlefs, and ammonia did not dete& in it the leaft par* 
tide of metal. 


Tin. 


Tin pertly re- Several bits of phofphorus were put into a folution of tin 
eoftvcrt^Tiwo * n n ' tro muriatic ac id. The next day the phofphorus was 
phofphurc. coloured of a deep brown, only in fome parts a metallic co- 
lour was obfervable. Thefe metallic fpots disappeared on 
boiling, and the phofphorus became ilili deeper coloured. 


Stlphate of cop- # In making this experiment with a folution of fulphate of cop- 
jper fonns a beau- p Cr> an< j fljghtly heating the mixture, at firft a vapour arifes, con- 
tiiul experiment. of phofphorus gas, that carries off with it fome fmall particles 

The phofphorus of phofphorus, which take fire on the furface of the folution : but 
enveloped in a th£ extrication of this vapour foon ceafes, and the phofphonis be- 
Iwly maUeable comcs hermetically enclofed in a box of copper, in which it is de- 
copper iropervi- fended againft any farther aflion of the fulphate, and even of the 
mis to air. air, to whatever temperature fhort of filling the copper it be after- 
wards expofed. The plate of copper that forms this covering is 
two or three lines thick : it podedes more tenacity than common 
copper, for it may be flattlned with a. hammer in different direc- 
tions without cracking, which at the lame time proves the great 
compredibility of the phofphorus; and it (hines with a very pure 
metallic luftre. On opening the box carefully with a cutting in- 
ftrument, the phofphorus is found in it retaining perfc&ly its form^ 
filling its copper cafe completely, and not appearing even to have 
a£ted upon the fulphate. 

Other metals did f did not obtain the fame effe& with feveral other metals which I 
effeJr°* UCC *** tr ’ c< *> no doubt on account of their containing more oxigen. 

VAN MONS. 


Manganejk. 
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Mangnnejb. 

9ome bits of phofphorus were put into a fuJphuric folutlou Manganefe rc- 
of manganefe. The next day the phofphorus was of a deep 4uce<i ** 
brown colour, and on its furface was perceivable a pleating 
mixture of colours, owing to the reduced metal. The mix- 
ta re was then heated to ebullition, and after it had grown 
cold, the manganefe was found reduced in the form of little 
radiating lines on the fufed phofphorus, intermixed with a 
few fmall globules of the w hile colour of tin* 

In thefe experiments we may obferve* that the phofphorus. General caoda- 
belUe deoxidating the metals, united with the metals when * ons * 
reduced to form phofphures, as was evident in the foluliona 
of lilver, mercury s and tin* 


XXV. 

Account of a new Pyrometer , which is capable qf indicating 
Degrees of Heat qf a Furnace . By Mr. J. G. Schmidt, 
of Yajfay , in Moldavia . From the Author . 


W ITHOUT entering into any detail concerning the fub- Pyrometrical 
fiances befl calculated for pyrometrical enquiries, I flatter fubfttllce * # 
ruyfeif that it will be admitted that thofe muft receive the pre- 
ference which are capable of regularly contra&ing or expand- 
ing, without altering their chemical, properties, when, fub- 
jt&ed to elevated temperatures. 

The permanently elaftic aeriform fluids appear to me to be Gafes are the 

fuperior in thofe refpedls to any other bodies. h^at^ 

Let atmofpheric air be freed from moifture by cauftic alkalis, Atnwfphenc air- 

or other bodies, and included in a veflel of platina. This in a 

* plati na. 

vcflbl A (Fig. 3, PI. VJ.) t which may be made of any con- 
venient fixe, is ponne&ed with the lube B B, of as fine a bore 
is pofEble. This tube is alfo made of platina, and reaches 
into a veflel C» which is Ailed with water up to ee, and 
into this the tube is fixed air-tight. Out of the veflel C rifes 
a glafs cylinder G hermetically feated, including a thermo- 
meter, and a graduated tube F F is fecured into the veflel C 
in hi fimilar manner. 

This 
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We and appGca- This is the whole conftru&ion of my pyrometer. To make 
ufe of it nothing more is neceflary than to introduce the pJa- 
tina veflfet A into the furnace the temperature of which is to 
be learned. The momeut the included air is*afled upon by 
the heat it expands, and expels the water up into the gradu- 
*ated tube F F. This rife will take place accordingly as heat 
increafes. If care be taken that the air be cooled in the veflel 
C as much as poffible (which will be the cafe from the large 
furface of water to which it is expofed), it is obvious that a 
volume of water equal (o the volume of air in the vefleb of 
platina, can never pafs up into the tube. The refrigeration 
may be facilitated by the application of vaporizable fluids, 
ditch as ether, alcohol, &c. 

If the degree of temperature be obtained which the air had 
belbre it was fubjected to the experiment, and a proper al- 
lowance be made for the prellure of the water in F F # the 
true expanfion of the air may thus be found, and compared 
with the refpective temperatures. 


XXVI. 

New, eft/y, and economical Method qf feparatifH* Copper from 
Silver . By Mr. Goettjljnc *. 

S»iphuric acid TThERE are four methods of feparating copper from filve^ 
inftcad of w hich require the alloy to be diflulved in nitric acid. As 

©f cheapness, this arid is very dear, Mr. Geottling thought of ufing the ful- 

phuric in its ftead, which is comparatively very cheap. His 
and with focccfs perfectly equalled his expe&ation, and the following is 

his method: 

Defer* ption of Haring afeertained by the touchflone, or in any other way, 

the pnocefs. th* p r0 portip?y of fllver contained in the alloy, take one part 
of fulphuric acid for every part of lilver, and for every part of 
copper three parts and three-fifth* of a part of the fame acid. 
Dilute the acid with half its weight of water, and pour it into 
a matrafs on the alloy reduced to very fmall pieces. In order 

• Tran fta ted from Vin Mons's Journal de Chime , Vol. VI. 
p. 77 . Originally publiftud in the Taf ebm- Buck finer Scbetdekn - 
enfiler , and abridged by Van Mons. 

to 
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to promote the action of the acid, it is of ofe to put one part 
more to every fix teen parts of the alloy. The maUafs is then 
to be placed in a fand-heat, and the acid brought to a ft ate of 
ebullition. In two or three hours time the alloy is commonly dif. 
united and converted intofulphate, particularly if care betaken to 
Air the mafs from time to time with a glafs fpatula. This raafs 
is thick, and frequently hard. While it is ftill hot, fix or eight 
times its weight of boiling water is to be added to it, and it is 
to be left fome time longer on the fire. The fulphate of copper 
will be diftolved, and great part of the fulphate of filver will be 
precipitated. The operator will now examine whether the 
whole be completely diftolved ; and if it be,, a plate of copper, 
or fome pieces of copper or halfpence tied up loofeiy in a piece 
of coarfe linen, rouft be fufpended in the mixture, and the 
whole kept boiling for fome hours. The fulphate of filver 
will thus be decompofed, and the filver feparated in the me- 
tallic ftate. 

To afeertain whether the reparation be complete, a few Mode of afeer- 
drops of folution of muriate of foda are to be dropped into a 
little of the liquor. If a cheefelike precipitate be formed, it complete, 
is a proof, that all the filver is not feparated, and in this cafe 
the ebullition with the copper muft be continued longer. After 
the whole of the filver is feparated, the liquor is to be poured 
off, the precipitated filver is to be well waflied, and the entire 
reparation of the cuprous fait is to be afeertained by the addition 
of a few drops of liquid ammonia to the water with which the 
precipitate has been walhed, which, if it contain any copper, 
will be rendered blue by the ammonia. After the filver is May be kept io 
thoroughly freed from the fulphate of copper, it may be kept ^^fulpSutt of 
in the ftate of powder as it is, or it may be fufed with a fourth poUih. 
or at moil half its weight of fulphate of potafli. 

The water poured off is then to be mixed with what was Blue vitriol oh- 
efed for wafliing the precipitate, and evaporated in a co PP er [h” cott^o^dK 
pan, fo as to obtain the fulphate of copper by cryftallization. acid. 

The blue vitriol thus produced will be at leaft equal in value to 
the fulphuric acid employed. 

If any parts of the alloy remained undiffolved, it ihoulJ Undiffolved alloy 
be feparated by decantation, and referved for a future td ** fcl l *' 
operation. 
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SCIENTIFIC NEWS. 

• ExlraSi of a letter from Brugn-atblli, doncerning (he 
non-exifiaux qf the charged Pile *. 

Volta has made many experiment on piles compofed of 
a (ingle metal, and a fingle wet ftratnm, which, from being 
inadlive by t hero te Ives, become mere or lefs adtive after af- 
fording a paflage for a longer or fliorter fpace of time to an 
eledtric current fet in motion by sdJive pile, 
ftltter afferted Kitter, the mod judicious of the galvanic phiiofophers of 
that & pile com- Germany, has afferted, as Volta fays, that the adtive pife r 
jtu^°an?one or C0IT,ni0n ele&rometer, tranfmits a real charge to the pile 
metal, was capa- that is ilfelf inadlive, which it therefore calls the charged pile. 


hie of being 
charged by an- 
other pile, 
but the fa& is, 
that the fluid is 
converted into 
two A fferent 
fluids by the 
ek&rie current. 


Volta however has convinced himfelf, that no charge is 
tranfmitted, but, by virtue of the ordinary chemical action, 
the eledtric current being continued, changes the (ingle wet 
flratum inlerpofed between two pieces of gold, for example, 
into two different fluids, one acid, by which the cle6tric 
current iffues out of the metal, and the other alcaline, by 
which it enters; which conflitutes a pile of the fecond order, 
namely, of one metal and two fluids of different natures, the 
adlion of which however does not continue long, becaufc the 


fluids toon mix. 


Mechanical ^ r - GREGORY of the Royal Military Academy, Wool- 

work by Mr. wich, has now in the pi el's a Treatife on Mechanics, which 

Gregory. is intended to be publifhed in two volumes octavo. The firtf 

will be devoted chiefly to the theory, and will be divided into 
five books under the fevcral heads of Italics, dynamics, hy- 
drofiatics, hydrodynamics, and pneumatics. The fecond 
volume will be chiefly appropriated to practical and descriptive 
fubjccls, and will commence with general remarks, rules, 
and tables, relative to the nature, conflrudlion, and fimplifi- 
cation of machinery; the effects of friction, and the rigidity 
of cords; and eftimates of the varied energy of different 
fir (l movers, &c. Thefe will be followed by deferiptions 
arranged alphabetically, of about 100 of the moft curious, 
ufeful, and important machines. In this latter part, Mr. 
Gregory has been promiled communications from fomc 
celebrated civil engineers, to that he hopes, on the whole, 
to render the work in fome meafure deferving the attention of 
thofe who are engaged in the cultivation and improvement 
either of the theory or the praftice of mechanics. 

♦ Van Mons Journal d$ Chime , Vol. VI. p. 132 . 
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ARTICLE I. 

Remarks on (he Efiimaiion qf the Strength of Horfts. In a Lei • 
ter from Mr. O. Gregory, qf the Royal Military Acadcmy $ 
Woolwich. 


To Mr. NICHOLSON. 

SIR, 

The remark* of your iagenioas correTpondent, Mr. Horn Reference to 

blower, on the various edimates of the Power qf a Horfi , and 

tbeabfurdky of adopting a quantity fo fluctuating and fo dif-herfe powers. 

ficelt to ascertain, as a common meafure by which the powers 

and efTedt of fleam engines and other machines are to be efti- 

tnated and compared, have induced me to throw together a 

few ohfervaiions on the fame fubje&s; the theoretic part of 

which, though familiar to mod men of fdence. Teems not to 1 

be always known, or at lead recolleded, by fome perfons who 

are employed in the pradice; and which are altogether muck 

at your fervicc for infertkm in the Journal, if you think them 

likely to be of any utility. * 

Dr. Defagufiers has given another edimafe of the labour ofEftimate of 
atiorfe, betide that mentioned by Mr. Hornblower, and which pcfaguUa-*! ^ 
indeed does not feero very confident with it ; for in vol. II. p. aoolb eight 
251. of his Experimental Philofophy, he affirms that a horfe in p t r day * 

VOL, XI,— JvLY, 1805. L an hour $ or 3 ^ fett 

per fecond. 
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an advantageous fituation, is able to draw 200lbs. eight hours 
a day, walking at the rate of 2f miles in an hour, or Sy feet 
in a fecond. This ftatement of the power of a horfe, though 
it is not fo great as that which is arbitrarily affumjpd by Meffirs. 
— by Sauvettr Boulton and V^att, exceeds the determination of M. Sauveur, 

thrtx fcciftr w ^° c ^i mile8 *he mean effort of a horfe at 175 French, or 1 89 

fecond, avoirdupois lbs. with a velocity of rather more than three feet 

per fecond) and it probably exceeds Mr* Snjeatdn’s ftatement 
of 550lbs. moved 40 feet in a minute ; though, as will foon be 
feen, we are not furnifhed with proper data to inftilute a com- 
1 parifon between thefe various retails. It is probable, how- 

ever, as obferved by the ingenious contributor of the article at 
page 216, vol. IX. of your Journal, that " the lowed of thefe 
09 performances is more than equal to the average power of a 
u horfe employed in huibandry for eight hours per day.” So 
—by the author f ar as m y own observations on this point extend^ I am inclined 
J^focood? 6 ** *° include that the average work of a dout London cart 
horfe, for eight hours in a da J, is little if any more than 130lbs. 
moved at the rale of three feet in a fecond, or 2yy miles per 
Hour. But this it would be ridiculous to aflume pofilively as a 
tifttverfal unit of meafure, in a'dafe where the caufes of vari- 
ety are fo numerous, and my opportunities of experiment com- 
paratively few. The eft i mate joftgiven, it (hould be obferved, 
is not intended toexprefs what a horfe can draw upon a wheel 
carriage, where friflion alone is to be overcome, after the load 
' ‘ is once prfl into motion, and where a horfe will often draw 

much more than lOOOflbs. but the weight which a horfe would 
. . raife out of a well, &c. the animat a&ing by a horizontal line 

of tra&ion turned into the vertical dtre&ion by a Hmple pally 
or roller, whofe fri&ton is reduced as much as poffible.* 
Mifapplicstion Before weean inftituteany comparifon between the retails 
■riac| C k that* ^f different experiments, it will always be neceflary to enquire 
pin in power it what machine was interpofed between the weight moved and 
lots m tune. th e animal, m each cafe, that we may thence deduce the real 
velocity with which the animal moved, from the velocity of 
the weight or load given by the obfervations. This js too fre- 

♦ The late Mr. More, Sec. So the Society of Arts, fouud by the 
» interpoOtion of a graduated fpring inftrument between the hotfe 

atjd his work, that the re-a&ion was between 70 and 80lb. when 
the velocity was three miles in an hour. I think the work was 
ploughing. See Philof. Journal, quarto, Vol. III. 136. N. 

quently 
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quently omitted in confequence of an implicit reliance upon & 
maxim, which, -though highly ufeful under proper reftri&ion*, 
is far from univer£4 in its application. In the cafe before us, 
if we admit the maxim now alluded to, namely, that vthnt if 
gained in power is loft in time , with regard to the machine 
through whofe intervention the velocity of the weight is ren- 
dered different from that of the horfe, it would be unfafe to 
adopt it in ; the appreciation of the varied energy of the ani- 
mal when moving with different velocities. The reafon of 
this is obvious* The energy of the horfe is obliged to be am- An horfe, h»r- 
ployed not only in overcoming, the weight or red dance 
oppofes his pcogrefs, but in part in moving hintfe\f; for the exert his force 
particles which qon dilute his frame poflefs weight and inertia, wor ^ 

and therefore cannot be put into motion without effort. Hence 
it follows that (here is a certain velocity, which may be de~ 
noted by U, with which, when the animal moves, his whole 
power will be employed in producing his own motion folely, 
without being able to move any other body. If a body whofe 
mafs is M be attached to the horfe, fo that he cannot move 
without giving an equal velocity to the extraneous body, the 
fame effort being employed both lh moving the animal and the 
mafs attached; the velocity V, with which they move rauf! 
neceffarily be lefs. And* if M be farther increafed while the 
Weight and energy of the horfe continue the fame, the velo- 
city V will be dill farther diminifhed ; and thus as M in* 
creafes V will diminifh, until when M arrives at a certain 
magnitude, W, the animal is unable to make any progreffive 
motion, and exerts bis force at what is called a dead pull. If 
M exceeds W, then will V become negative, and indeed of 
the animal advancing with the load, the load will compel him 
to move backwards, and no ufeful work can be acoompli(he$l« 

Now thefe circum dances may be expreffed algebraically, Method of com- 

putiof the effeft 

by the general formula M oc (U — V) , in which the exponent of hades, 
a can only be determined by means of judicious and numerous 
experiments, where the magnitude of M fhould beafcerlained 
for many variable values of V between the terms V=sU, and 
V=o. From this theorem, following the common rules for 
the maxima and minima of quantities, it may readily be found 
that in order to have the uftful work done the greated poffible, 

we mud increafeor decreofe the weight till V becomes = 

L 2 when 
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n 

when the performance will be denoted by w - x W IT 

fn+1) 

Ant! if the Value of V thiis exhibited be once afeerfained ex- 
peririrdfitafly, we need never be apprehenfiveof a material loft 
by a fmall variation from it ; for by a well known property of 
thofe quantities which admit of a proper maximum and mini- 
mum, d vdlue aflTtfmed at a moderate diftance fK>rti either of 
thefe e&ffemfcB wrll produce no fenfible change iiVfbe eflbch 
txample* In fome of the a&ions of men, fach as dragging a boat alon^ 

e canab 8ic. the value of n in the preceding theorems ha* 
beCn found to be nearly rr 2. And the draught of hoffes 'id 
cbnformabte to a law not widely different. The beft expert* 
ments whicH Rave yet been made on this point with regard to 
horfes drawing in nearly reftilinear paths, lead us to conclude 

that #i is then very nearly =|, in the exprefiion M oc (U — V) n * 
Afluqaing therefore for the utmoft walking velocity of a horfe, 
the value U =s 9 feet per fecond, a value which is quite high 
enough, any propofed efti mates of the flrength of this animal 
may be compared with facility. Thus, for example, let us 
enquire which is greater, the estimate of Mr, More (men* 
tioned by Mr. Hornblower) of 80lbs. three miles per hour, or 
feet per fecond; or that of 130lbs. moved atjhe rate of 
threefeei per fecond ? Here we (hall have 

(9+-3)^ : (9 — 4>-4)^ :: 130 : 71 fibs, nearly. 

The operation may eafily bo performed by means of a table of 
logarithm*, and fhew# that the mean eflimatel have laiddown, 
tuhfeu-f educed to the fame velocity as that by Mr. Moore, fur- 
nifheS a reftilt lefs than his by 8|lbs. Which of tbefe is the 
utoft accurate can only be determined by future experiments. 

If, however, either of thefe estimates fhould be adopted, 
it may be proper to remark that they would not hold with re* 
gard to the power of borfes working in circular paths ; yet, if 
it be at all proper to ufe horfi powers in eftimating the energy 
of machines, it feems raoft natural to take thefe powers as ex- 
erted by the animal in a round walk ; fo that it is iiill neceflary 
to have a feries of experiments to determine the values of n, 
and the relation of M and V when horfes draw in circular 
walks of different radii. I fay, of different radii, becaufe it is 
certain that cautvis paribus^ the greater the radiui of the circle 

ia 


On theptonfer* 
4f horfca walk- 
ing in dtente’ 
paths; 


of different 
radii* 
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irr whofe ci r c umfe r en ce the animat moVes, the left fattjgue will 
be occafioned by that kind of motion. Indeed it is obvious, 
that fioce a redHI inear motion it the moil eafy and natural for 
-the horfe, the lefs the line in which he moves is curved, with 
the greater facility he will walk over it, and the lei's he need 
recline from the vertical pofilron. Befides this, with equal 
velocity at the circumference, the centrifugal force will be 
left in the greater circle, which will proportionally diminifh 
the fri&ion of the cylindrical part of the trunnions, and the 
labour of moving the machine. And farther, the greater fhe 
radius of the horfe-walk, the nearer the chord of the circle in 
which the horfe draws is to coincidence with the tangent, 
which is the mod advantageous po fit ion of the line of tradtion* 

Hence it follows, that although a horfe may draw in a walk The larger 
of 18 feet diameter, yet he will work with liar greater eafe in ^v^ugeoulu^ 
one whole diameter is 35 or 40 feel ; and it is very defireable 
that an experimental enquiry Ihould be made to ascertain the 
proportion and abfolute quantity of work in different circles. 

I am of opinion that it would not be difficult to make fome Defcnption of a 
ufeful -experiments, while work was actually carrying on B t mechan ^ al 
any horfe mill, or machine where horfes are contained to ^aforing the 
move in a circular walk. The Ample drawing which accom- re-aaioninmill*. 
panies this letter will affift in conveying a clear idea of the 
method which I fancy might be advantageoudy adopted* 

Let AB fig . 1. Plate X. be the vertical fiiafi tp which the 
horizontal horfe poles AC, AD, are attached. Letoneborffe 
work the machine by drawing at the car E ; bat, mftcad of 
the tranfverfe bar to which the harnefs is fixed being limply 
hung upon the hook h, let a good fpriog fleelyard be inters 
pofed between that crofs-bar and (he hook, the graduations 
of which lhaH, when the machinery is put into motion, in- 
dicate the refidance (in lbs.) overcome by the animal, in- 
cluding the weight of the mafs moved, the fridtion, &c. Near 
the extremity of the oppofile horfe-pole AD, let there be fixed 
a drong and corredt common fleelyard, whofe divifions (hall 
(hew the various weights from 40 or jO to 200 fbs. and whofe 
centre of motion lhall be at the point / on the fixed Aand. 

Let the cord c which is faflened to the lliorter arm of this 
fleelyard, pafs (with as little fridlion as podible) over the 
pulley p, and thus, being turned into the horizontal diredtion, 
or rather, inclining a little upwards, let it be fixed to the croft 

bar 
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Description of a bar qf the harnefs of afecond horfe, equal in point of'firength 

pannufor *° the former. Then if the two horfes, thus attached to the 

meafu ring the ears £ and F , be, made to pafs over the walk in the fame 

re-a&ionin mills* direction, following each other confiantly at the difiance of a 
femi-circuinference; while that which draws at the ear £ 
overcomes the whole preffure and refi fiance oppofed by the 
work, the other which draws at F by the cord over the pulley 
p , will raife the weight zv of the fieelyard; which therefore, 
by being moved to and fro upon the arro/s, may be brought 
to exhibit an exa& counterpoise, or meafu re of the exertion 
and power of the horfe. And in order to enfure the great eft 
degree of accuracy in this refpeft, the motion of the two 
animals, and the pofition of the weight xv, fhould be fo ad- 
jufied, that the fame weight fhould be (hewn by the graduations 
both of the fpring and of the lever fieelyard. The fhaking of 
the machinery will in fome meafure difiurb the effect ; but an 
ingenious manager of the experiments will find means of 
checking this : and as to the centrifugal force to which the 
weight w is expofed, it will never be of any material con- 
fequence in any of the flow motions which will be produced 
by this kind of work. 

t .. Each experiment fhould occupy the fpace of a fair day’s 

work for the horfes; for the conclufions deduced from 
ihorter and irregular efforts are always erroneous in excefs, 
and fhould be guarded againfi. The rate at which the animals 
move may readily be afcertained from the known circumference 
of the walk, apd the number of rounds they are obferved to 
make in 10 or \5 minutes. Thus, by continuing the experi- 
ments day after day, varying the velocity of the motion in 
fome cafes, and the radius of walk in others, fuch a feries of 
yefults might at length be obtained, as would in a great 
meafure remove the obfcurity and doubt in which this bufinef* 
is at prefect enveloped. It is fcarcely neceffary to fugged 
the propriety of making a few experiments with a view of 
determining how far a load upon the back of each draught 
horfe, would affift him in his labour. Nor can it be requifite 
to point out in what way, by means of fpeh fieely ards properly 
applied to waggons, &c. upon tolerably fmooth roads, and 
two horfes marching abreafi, (one drawing the load, the other 
yaifing the weight,) experiments might be infiitoted to 
%fpert^in the magnitude of the efforts of horfes when drawing 
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in reflilinpar t paths, Judicious experiments having Ibefe 

parpofes in view, would certainly be beneficial! as they 

would enable us to tell what advantages might, be expected 

from the labours of this ufrful quadruped in different circum- 

ftances. But with refpe^t to the adoption of " horfk'poffler*\ The adoption of 

as a unit of force in eflimaiing the power of fleam engines, 

&c. I confefs that if it were as well known, and ,at f un* of an horfe. 
variable as the length of tfie day pf t^e qquatpr, I ffaoqld feel 
an aversion to applying it to any fuch purpofe* Itisaopm* 
mon meafure arbitrarily adopted! which has no nectary con-, 
nedion with the fubjedt that is, referred, to it, which does not 
in any refpedt facilitate the computation of ,the : powers of ail 
engine, and which may, without proper caution, .lead to 
confiderable errors in the conclqfions deduced from it. 

Before I clofe this letter, already perhaps too long, I 
permifiion to lay a few words refpe&ing the meafure whu 
generally employed to determine the mechanical effed pro-, and cffed. He 
daced. This is the meafure of the defervedly celebrated 
Mr. John Smeaton, who lays that '< the weight of aj body weight into the 
multiplied by the height through which it defcends,. while h v ,ghl )J* flcd 
driving a machine, is the only prpper meafure of the power eithc/cafe ; 
expended; and that the weight multiplied by the height 
through which it is uniformly raifed is the only proper meafure 
of the effect produced. 1 ' Mr. Smeaton was led to the ufe of 
this meafure by his profeftional habits ; and many who in this 
refped pay too great a deference to his authority, have adopted 
this meafure as univerfal and preferable to any other. Taking 
this as a popular meafure eafy to recollect, and limple in its 
application, it undoubtedly has its ufes; but in many in- 
fiances it is inadequate to the purpofe for which it is propofedL 
The late Profeflor Robifon has fome excellent observations on refitted by 
this (ubjefi, in the article Machinery, Sup . Encyclopedia 
Britan, where be lays down the juft meafure to which the 
fcientific inveftigalor will generally have recourfc. “ We 
take, fays he, for the meafure, (as it is the eftedl) of 
exerted mechanical power, the quantity of motion which 
it produces (or whofe accumulation it prevents) by its uniform 
exertion during fome given time. We fay uniform exer~ 

//on, not becaufe this uniformity is neceflary, but only 
becaufe, if any variation of the exertion has taken place, it 
mufi be known in order to judge of the power.** 

A tingle 


beg Smeaton* s 
, . meafure of me- 
“ ,s cbanical power 
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Smeaton** met- A fibgle in fiance m*j Be ttdducAd, to wlffth Ihte meafiire 
ptob^toan" Mr. Smeatdn is inapplicabfe, hitd in whitfH'^rd'tiiaf! have 
hrrfe (attaining recoorfe to fdme ftdi v meafdrt as that mentiohAd^ by Prbfeflfbr 
R*bHon. Suppofe 1 that ahorte whfte ffandfoigWH fuftains by 
mean* of a rope and fitople*fi*ed pailffey, a mafs of A hundred- 
weight, and 'thus keep* it fiifpehffed atlhe tbp'of a weH/’for 
the fpttce Of a minute/ NteifheT the animal frctf Ibfe weight 
droves, bit \htfi Wd therefdtb fayi’ ih eonfottaity, : as it would 
foenv, J with Mr. Srtrtfitdn's meaftfre, that there h hb power 
expended; and no effetrt producddf'Ort the contrary hie know 
there fe a power expended, fend #mt the effort if foffiteiently 
long continued would completely tire the hOrfe. rtbe effed 
which it produced k the annihilation of the fim cutaneous adtiori 
of gravity upon thefufpended mafs ; confequenllj, the effe6fc, 
produced vt eqAal, and contrary to the momentum that would 
be generated by gravity m the fpace 6f a minute. So that 
£Ox X 1 112=3:216160, ii the proper reprefeutative of the 
power -expended, as wet! as of the wbrk done. Were the 
ropd to be ! cut and the weight fuffered’to fall for a minute, 
the fame number would* Iftewife denote the labour of the 
. hoffe in refioririg it tb ite Original place, provided that couM 
be accoroplithed in ah etpiat Tpdce of time, wilhoiit the horffe 
changing his 6(uation.* : 

It may ndti perhaps, be entirely ufelefs to (late this matter 
rather more univerfally. To this end, let M rcprefent any 
maCs or body, gzz$2\ feet, the velocity communicated to a 
body Tailing freely in the firft fecond of time, and V an inde- 
finitely fmall portion of any time whatever t. Then will g l * 
be the velocity generated in the infiant t\ and M g t" the cor- 
refpopding quantity of motion 5 this, therefore, meafures the 
effort which muff be exerted at each infiant to fufiain the 
weight, whether that effort be applied immediately, or through 
the intervention of a fingle fixed pulley. Hence it follows, 
that during the whole time t, the force will have confumed a 
quantity of motion equal to/M g C =: M g t: that it to fey, 
if t denote the titne at the end of which the agent is no longer 
able to fufiain the mafe RJ, we may regard M g t as being an 
adequate meafure of the Force $ of that agent. If the agent 
pot only prevent tha mafs from falling, but afitially rarfe it 
with a. given uniform velocity V during the whole time /, 
y?e mutt add the quantity of motion MV Ip the former, 

which 


General ftite- 
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which pves$=cMVxMgi:±M{Vx£f.) And laflly, if 
the agent pdflefs inertia, its mafs mo ft alia be conflderfedL 
Thus, in the cafe df a horfe whefe mafs is H, moving along 
with the velocity V dufmgtlm time *, and racing them aft 
M, we (halt be vc p sz (MN l H) V>cMgt. And from* frmilat 
principles formulas may be inveftigated to represent the powel* 
of a firft mover in ohm* complicated cafes* 

It will after all, be proper to diftinguiih carefully between Power expended 
the quantity of power expended, and that portion of it which fan^m^oyU 
is ufcfutty employed : bat a due consideration: of this would require to be 
too widely extend the limits of the prefect oomnmnication;**^*" 1 *^ 
Indeed I ought to apologize to yourfelf, and the feientihe 
part of your readers, for dwelling fo. long as I have done 
upon topics which are well known to all who are converiant 
in the theory of mechanics : but if thofe 9 for whofe ufe this 
letter is chiefly intended, (hall derive foroe precife information, 
or add to the ftock of their practical knowledge, by any hints 
of mine, I (hall not fear being heavily ceofured for having 
entered thus into minutiae. 

I am. Sir, 

Your’s very re fpe£t fully, ' 

OLINTHUS GREGORY. 

Royal Mil. Academy, Woolwich. 

June 10 th, 1805. 


II. 

.In Account qf fome Analytical Experiments on a Mineral 
Production from Devonjhire confifiing principally if Aluminc 
and Water. % Humphry Davy, Fjij. F \ R . S. Prcfejfur 
of Chemijlry in the Royal Jnjlitulion. From the Pldltybphical 
franja&ions in 1805. 

I. Preliminary Obfervations . 

This fofiil was found many years ago by t)r. Wave!!, in aHiftory of a 
quarry near Barnftaple: Mr. Hatchett, who vifiled the place 
In 1796, deferibed it as filling fome of the cavities and veins 
a rock of (oft argillaceous fchift. Whep firft made known, 
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it was coqfidered as a zeolite j M r, i^tchett, hew**$r, tfon- 
eluded, firpra jt& geological pofitioo, 4)at it roofl f roba^yfUd 
not belong 4o tbptclafs of ftones; and Dr^Jiabingtoji, &i4tp 
its phyfical charade*?* and from .fame experiments on it* 
folutions in acids, made a^hjs requeft by Mr. Stocker, afcec^ 
lained that it was a mineral body, as yet not dellr ibed^ 
and that it contained a con iider able proportion of aluminona 
earth- t 

f It isJeDr. Babington that I am obliged for the opperiu* 

*ijty of makings general inveOigation of. its chemical nature-; 
and that gentleman liberally fupplied me with fpecimens for 
analyfis. 

lU SeHjtble Chanters nf the FoJU. 

Its fcnfible cha- The mod common appearance of the foflil is in fmaTI 
hemifpherical groups of cryftals, compofed of a number of 
pkeriea! groups 5 filaments radiating from a common center, and inferied on 
white, filky, the furface of the fhifl ; but in fome inftances it exifts as a 
colledion of ifregularly difpofed prifnis forming fmall veins 
in the (lone: as yet, I believe, no infulated or diftind cryfial 
has been found. Its colour is white, in a few cafes with a 
tinge of gray or of green, and in fome pieces (apparently 
beginning to decompofe) of yellow. Its luftre isfilky; fome 
of the fpecimens poflefs femi-tranfparency, but in general it 
is nearly opaque. Its texture is loofe, but its (mall fragments 
poflefs great bardnefs, fo as to ferateb agate. 

Other charac- It produces no effed on the fmell when breathed upon, has 
*"• *0 tafle, does not become eledrical or phofphorefcent by beit 

or fridion, and does not adhere to the tongue till after it has 
been flrongly ignited. It does not decrepitate before the flame 
.of the blow-pipe; but it lofes its hardnefs, and becomes 
opaque. In confequence of the minutenefs of the portions 
which it is found, few of them exceeding the fize of a pea, it 
}s very difficult to afeertain its fpecific gravity with ^ny pre- 
cifion* but from feverail trials I am difpofed to believe, that 
it does not exceed 2 , 70 , that of water being confidered 
as 1,00. 

Ill, Chemical Chanters of the Fojjil^ 

Chemical htbi- The perfedly while and femi-tr&nfparent fpecimens of the 
. .. foflil are foluble both in the mineral acids and in fixed alka- 

and in f. alkalis, line lixivia by heat| without lenuWy effervelcing ana without 
4 leaving 
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Waving any notable reflduum ; but m fmall part remains un- 
diflblved, when coloured or opaque fpccimebs are expofed to 
die alkaline lixivia. 

A fmall femi-tranfparent piece, adled on by the higheft Forge he* pm 
beat of an excellent forge, had its cryftalline texture deftroy- 
ed, and was rendered opaque; but it did not enter into fufion. ooe-fburth. 
After the experiment H adhered, ftrongty to the tongue, and 
was found to have loft more than a fourth of its weight*: Water 
and alcohol, whether hot or cold, bad no 4fte& on the fo&L 
When it was m&ed bn by a heat of from 212* to 6O0 9 Fahrea- It emitted wan. 
be it in a glafs tube, it gave out an claftie vapour, which when 
condenfed appeared as a dear fluid. poflefling a flight eeo- 
pyreumalic fmell, but no tafte different from that of pure 
water. 

The folution of the foffil in fulphuric acid, when evaporated Sulphuric fob. 
fnfficieotly, depoflted cry dais which appeared in thin plates, JhateSabmi^ 
and had all the properties of fulpbate of alumine; and the 
folk! mutter, when rediflolved and mixed with a little car bo* 
nate of potafli, (lowly depoflted octahedral cryftais of alum. 

The folid matter precipitated from the folution of the white Muriatic lob* 
and femi-lranfparent foffil in muriatic acid, was in no manner 
a&ed upon by folution of carbonate of ammonia, and therefore 
it could not contain any glucine or iltria; and its perfect 
(olubility without reflduum in albaline lixivia (hewed that it 
was alumine. 

When the opaque varieties of the foffil were fully ex- The white ra- 
pofedto the agency of alkaline lixivia, the reflduum never 
amounted to more than one-twentieth part of the weight of lmC1 
the whole. In the white opaque variety, it was merely calca- 
reous earth, for when diffolved in muriatic acid, nqt in excels, 
it gave a white precipitate when mixed with folution of oxalate 
of ammonia, and did not affedi folution of pruffiate of potafli 
and iron. 

In the green opaque variety, calcareous earth was indicated and the green, 
by folution of oxalate of ammonia : and it contained oxide of ^ 
manganefe; for it was not precipitated by folution of ammo- 
nia; but was rendered turbid, and of a gray colour, by folution 
of pruffiate of potafh and iron. 

The reflduum of the ajkaline folution of the yellow variety, the yellow, a 
when diffolved in muriatic acid, produced a fmall quantity of fc* c «*f *w. 
white folid matter when mixed with the folution of the oxalate 
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Mft. »A?rV EXmiKtNTS 


Analyfts of to 
grains. 

x. Exposure to 

hex. 


Water cam* % 
om. 

I9pahu 


▼cry JCghtly 
add. 


x. Solution of 
the refidue in 
fulph. acid : 
precipitation and 
re.JbittCaoQ bp 
plkab. One 
grain and a quar- 
ter of lime re- 
mained undif- 
iblved. 

3. Nitric acid 
was added in ex« 
cels, and then 
carbonate of am* 


of ammonia, and gave a light yellow precipitate b y expofan 
to ammonia ; but after this, when neutralized, it did not affe£ 
pruffiate of potato and iron, fo that its colouring matter, a) 
there Is every teafon I# believe, was oxide of iron. 

■ ■ 1 , . . j ji 

, I V. Jnafafie of the Foffil. 

Eighty grains of the foffil confiding of the wbiteft and moil 
tranfparent parts-thet coaid he obtained. Were introduced kite 
a fmali glafs tube having a balb of luflicient capacity to recerv* 
them with great eafe. To the end of this tube, a fmali glafs 
globe attached to another tube, communicating with a pneuma- 
tic mercurial apparatus, was joined by fufion by means of the 
blow -pipe. 

The bulb of the tube was expofed to the heat of an Argand 
lamp ; and the globe was preferred cool by being placed in a 
veflfel of cold water. In confequence ef this arrangement, the 
fluid di (engaged by the heat, became condenfed, and no elaflic 
matter could be loft. The procefs was continued for half an 
hour, when the glafs tube was quite red. 

A very minute portion only of permanently elafttc fluid 
puffed into the pneumatic apparatus, and when examined, it 
proved to be common air. The quantity of clear fluid collected* 
when poured into another veil'd, weighed 19 grains, but when 
the interior of the apparatus had been carefully wiped and dried 
the whole lofs indicated was 21 grains. The 19 grains of fluid 
had a faint fmell, fimilar to that of burning peat ; it was tranf* 
parent, and tailed like diftilled water : but it flightly reddened 
litmus paper. It produced no cloudiuefs in folutioos of muriate 
ef barytes, of acetite lead, of nitrate of filver, or of fulpbate 
ef iron. . 

The 59 grains of folid matter were diffolved in diluted ful- 
phuric acid, which left no refiduum 5 and the lolution was 
mixed with polafh, in fufficient quantity to c&ufe the alatnine 
at firft precipitated again to diftolve. What remained un- 
diffolved by potalh, after being collected and properly walhed, 
was heated ftrongly and weighed ; its quantity was a grain 
and quarter. It was white, cauftic to the tafte, and had ad 
the properties of lime. 

The folution was mixed with nitric acid till it h&ame four. 
Solution of carbonate of ammonia was then poured into it tiff 
the offedfc of decompofirien oeafed. The whole thrown ntto a 
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titrating apparatus left folid matter, which when carefully "oua. The 
washed and dried at the heat of ignition, weighed 56 grains. ir 

They were pure alumine : hen^re the general refults of the aition, vat j! 


experiments, when calculated upon, indicated for 100 parts of grilns .‘ 

this Specimen, 


Of alumine * 

• 70 Component 

Of lime 

• .1.* 

Of fluid 

26.2 

Lofs 

- 2.4 


The lots I aqn inclined to attribute to forae fluid remaining The lofs appeal 
ia the floae after the procefe of diftillation ; for I have found, 
from federal experiments, that a red heat is not Sufficient to matter, 
expel all the matter capable of being volatilized, and that the 
hid effe& cap only be produced by a ftrong white heat. 

Fifty grains of a very tranfparent part of the foffil, by being 
expofed in a red heat for fifteen minutes, loll 15 grains; but 
when they were heated to whitenets, the deficiency amounted 
to 15 grains, and the Cafe was fimilar in other trials. 

Different fpecimens of the foffil were examined with great The mineral 
care, for the purpofe of ascertaining whether any minute por- ^° ta)nI noa- 
tion of fixed alkali exifted in them ; but no indications of this 
fabftaac^ coaid be obferved ; the procefTes were conduced 
by means of Solution of the unaltered foffil in nitric acid; the 
earths and oxides were precipitated from the Solution by being 
boiled with carbonate of ammonia ; and after their Separation, 
the fluid was evaporated to drynefs, and the nitrate of ammonia 
decompofed by heat, when no refiduum occurred. 

A comparative analyfis of 30 grains of a very pellucid Spec!- Other analyfesv 
men was made by Solution in lixivium of potafh. This Speci- 
men loft 8 grains by long-continued ignition, after which it . * 

tafily diflolved in the lixivium by heat, leaving a refiduum of * 
a quarter of agrain only, which was red oxide of iron. The 
precipitate from the Solution of potafh, made by means of 
muriate of ammonia, weighed, when properly treated, 21 
grains. » 

Several Specimens were diftilled in the manner abote de- 
scribed, and in all cafes the water col Idled had fimilar proper- 
ties. The only left by which the prefence of acid matter in 
it could be dete&ed, was litmus paper ; and in Some cafes the 
upon Ibis fubftance was barely perceptible. 


V. General 
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V. General Obfervations. 

Tfce acid matter I have made feveral experiments with the hope of afee 
b the water was Gaining the nature of the acid matter m the water ; bat froi 
vfidptu’ 8 ° Ur * impoffibility of procuring sfny conliderable quantity of th 
foffil, they have been wholly unfuccefsful. . It is, howfive 
evident, from the experiment* already detailed, that it is n< 
one of the known mineral acids. 

It is foreign to I am difpofed to believe, from* the minutenefs of its propoi 
tfon, an( j J‘ rom the "difference of this proportion' in differeri 
cafes, that it is not eflenlial to the compofifion of the Hone 
and that, as well as the oxide of mangaftefe, that of iron 
atid the lime it is only an accidental ingredient, and on thi 
idea the pure matter of the foffil mull be confitfered as a che 
mica! combination of qbout thirty parts of water and Jbcenty r 
aluminc • 

Afosmce has a a The experiment* of MV Theodore de Sauffare on the pre 


It is foreign to 
ike fane* 


afluutyfbr eipitation # of alurnine from its folutions, have demonftratec 
the affinity of this body for water ; but as yet I believe nc 
aluminous Hone, except that which I have juft deferibed, has 
been found, containing fo large a proportion of water, a? 
thirty parts th the hundred. 

DSafport exam, The diaspore, which has been examined by M. Vauqoelin, 
mtaios ^ Solo- anc * ^ich lofes fixteen or feventeen parts in the hundred bj 
mint and 16 ignition, and which! contains nearly eighty of alumine, and onlj 
mtar * three of oxide of iron, is foppofed by that excellent cbemift td 

be a compound of alumine and water. Its phyfical and che 
inical chambers differ however very much from thofe of the 
new foffil, and oilier refearcbes are wanting to afeertain whe- 
ther the part of it volatilized by heat isf of the fame kind. 
CornUh mineral I have examined a foffil from near St. A u file, in CornwallJ 
Rbnbnng the ver y Ornilar to the foils! from Barnftaple in all its peneratrhe* 
paper* mail charaeters; and I have been mlormed, that an anal)1i* 

of it, made by the Rev. William Gregor fome months 
proves that it confifts of fimilar ingredients. 

Propo&d Aimes* Dr. Babington has propofed to cal! the foffil from Devoid 
(hire WaveWte , from Dr, Wavell, the gentleman ivhodifcoveri*4 
it 5 but if a name founded upon its chemical composition b*| 
preferred, it may be denominated i 7 ydr argillite, from ^ 
water, and clay. 


Dbfpore exam, 
by Vauquelin, 
contains So alo< 
mine and 16 
water. 


CornUh mineral 
leJembling the 
fobje& of this 
paper* 


* Journal de Phyfique, Tom, LII. p. 280. 
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On the Aberrations qf Light puffing through Lenjhs . By Mr m 
Exkkiel Walker. 

The difcovery of the aberration of the rays of light, caufedtNewton^ dfc. 
by their unequal refrangibility, forined a new area in the fct-^nftioas 
ence of optics. It is the foundation of all Sir Jfaac Newton's coloured rays, 
difeoveries in light and colours ; and alfo the foundation of 
mod of the ufefui improvements in the condru&ion of optical 
inflrumenU, that have done fo much honoar to our country. 

And this Icience may dill derive further improvements frqni 
(he fame difcovery, not only in tbecondru&ion of indruraenU* 
but alfo in explaining forne curious phenomena in nature. 

But before I attempt to fhow how the ufe' of this property 
of vilion may be extended, it feems necedary to give a (hort 
account of that kind of aberration which arifes from the Un- 
equal refrangibility of the differently coloured rays of light : 
the other aberration, or that which is caufed by the fphericai 
figure of the lens, is not here confidered as being inconfidei- 
able when compared with the former. 

Therefore let A C B, Fig. 2, Plate X. reprefent a piano- Abcmdoa of 
convex lens ; P A and R B two pencils of white or 
rays of light, falling upon it at the points A and B in a direc- 
tion parallel to its axis. Alfo let A xv and Byu be the red 
or lead refrangible rays 9 and A gy and B q x the violet, or mod 
refrangible. The red ray from A will cat the violet ray from 
B at the point r, and the red ray from B will cut the violet ray 
from A at the pointy; through Ihefe interfe&ions draw the 
line xy % and this line will be the diameter of the lead circular 
fjpace into which all the rays that fall upon the lens, parallel 
to its axis, can be colle&ed. And this circle, which for bre- 
vity's fake is called the circle of aberration, is the true focus 
of the lens or place where the image of the object is formed. 

Let the fine of incidence going out of glafs be n p the fines 
of refra&ion (into air) of the lead and the mod refrangible 
rays be p and q ; then if a plano-convex lens be expofed with 
the plane fide to the fun, the diameter of the circle of aber- 
ration xy (or image of the fun formed of rays of different re- 
frangibility) is to the diameter of the lens A B, as q~p.lo 
qxp-2n* 

• * This theorem Is well known to mathemsticianf. 

From 
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From this given ratio of to xy it follows, that the 
image of the fan within a telefcope varies with the aperture 
of' the*pbje& glafs. 

Sir ljhac Norton found by mod accurate experiments that 
where the fine of incidence was 50, the fines of refra£Hon< of 
'the ltd abd the violetr&ys were 77 and 78. Hence 9 — p is fe 
as I to 55. ‘ And therefore A B : j&y :: 55 : 1 ; or 

*'• AB 

^=-5 T* 

To eleeidute this theorem by examples, let the diameter of 
the object glafs of a telefcope, which h 4 inches, be con- 
ttafted to S inches,* and afterwards to 2;' then the diameters 
•f the circles by aberration formed by parallel rays, will be 
- 5 \ = .072, ^ =± ,054, and -fr = .036 refpeftively. 


The f&me Property of Vifion demonftrated others ifc. 

Thus, let ft reprefent the fine of incidence, and p and q the 
fines oftefra# ion, as before. 

The fihe of incidence of every ray, is to its fine of refrac- 
tion in a given ratio A 

And the line of incidence of the extreme ray P A, varies- 
with the aperture of the lens. ‘ For ra becomes lefs as PA ap- 
proaches the axis of the lens E r. 

Therefore the fines of refraction p and q, the angle xAy, 
bad its fob ten fe ary increafe or decreafe with A B. Confe- 
tpieutiy the image of the fun or moon; upon the retina in- 
creafes or decreafefc fa magnitude with the pupil of the eye* 
Mafrioo; Now as the rays of artificial light are differently refrangtl 
We, it is evident from the given ratio of A B fo xy, in which 
they increafe or deef^afe at the fame time that the image of a 
candle formed in the focus of a convex lens decreafes with 
the aperture of the glafs. For the rays of the fun and the 
light of a candle are both governed by the fame law, in the 
formation of images in the focus of a lens; but this law does 
not obtain in the fame degree in both objeds, in confequence 
of the rays of the latter being in a more diverging ftale than 
thofe of the former. 

•—applied in Hence the troth of the refalt of my experiments, which 
the were poblifhed in Vol. IX. page 164 of this Journal, is proved 
****”" from ’the difeoveries of Sir Jfaac Newton, 


* Newton's Optics, page 64. 
- 4 
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Wlwt I have farther to advance on this fubje& mail be re- 
ferred until fome future opportunity, as it would exceed the 
limits of this paper. 

E. WALKER. 

/)*», May 16, 1805. 


IV. 

yew Method qf decompofmg the Sulphate of Barytes for pre- 
paring the Muriate qf that Earth, and Preparation qf the 
Muriate • By Mr. Go kti* l i n g . # 

The muriate of barytes is now in fuch general ufe, that Muriate of bi- 
every improvement in the mode of preparing it muft meet m ryte* much ufed. 
favourable reception. This will render the new method of 
Mr. Goettling acceptable to the public. 

The decompofition of fulphate of barytes by means of char- Decomposition 
coal requires a flrong fire continued a long time, and never tLy^b^char- 
fucceeds completely. This is owing on the one hand to the coal troublcfome 
feongly oxigenated quality of the acidifying principle in the 80(1 incomplete, 
fulphoric acid, fo that in its tranflation to the charcoal it gives 
out bat little caloric; and on the other hand to the difficulty 
of imparting a certain degree of heat to a mixture, into which 
m large quantity of a body that is fo bad a conductor of heat as 
charcoal enters. To remedy the firft of thefe defers, I had Remedies; 
already propofed to increafe the proportion of charcoal a little, 
and to incorporate with the mixture of charcoal and fulphate nitrate of pouffi; 
of barytes a twentieth of nitrate of potafh. To remedy the 
fecond, Mr. Goettling advifes to add muriate of foda to the —and muriate 
mixture, which ferves at the fame lime as a condudtor of heat of &da ' 
and a flux. The following is his method. 

Four parts of native fulphate of barytes in fine powder are Mr. Goettling** 
to be mixed with one part of muriate of foda and half a P art sJ 1 < | c ^ of 
of charcoal powder. This mixture is to be prefled hard into barytes with 
aHefiian crucible, and expofed for an hour and half to a red mur “ tc of fo< f* 

* beat in a good wind furnace. After it has grown cold, the ^ 

together. 

♦ Tranflated from Van Mont's Journal de Cbimie , Vol. VI 
p. 80. Originally publifhed in the T afcben-Bucb fuer Scbeidekuea - 
filer . 

Vo®. XI«— July, 1805. M mafs 
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The fcHae mif s Aafs is to be reduced to a coarfis powder, and boiled for a 
is then t° he moment with fixteen parts of water* . The liquor is then to be 

dlUOlVCdt /*%» j * • , n . - . 

altered, and kept in well (topped bottles.. 

The tine o£ expofure to heat may be (hortened to one half, 
if the quantity of muriate of foda be doubled, and the matter 
occasionally ftirred. In tk is cafe too, double the quantity of 
"water (hould be ufed to lixiviate the mafa. * 1 

An addition of To prepare muriate of barytes with this lixivium of fufpho* 
expcb ^ theful* ret barytes, which at the fame time holds in folution muri- 
phureous acid ate of foda, muriatic acid is to be added in feparate portions, 
and leaves muri- (j|| fulphurated hidrogen gas is no longer extricated. The lig- 
and of foda. c l uor 1S then to be filtered, a little hot water is to be poured 
on the reiiduum, and the liquor is to be evaporated to a pel- 
licle. The lixivium being then filtered 8 fire (h, is to be fet to 
Tha£s cryftais cryfiallize; tiie muriate of foda, which is much more folublc 
LmeTvT fcpa- waler than the muriate of barytes, and not more foluble 
rated by cooling with heat than without, is not dfepofited by cooling, and the 
after evaporation. mur j ate cryftallizes alone. 

The remaining lixivium is to be evaporated and fet to cry- 
(lalljze again, and this is to be repeated til! no more cryftals 
of muriate of barytes are formed. 

The barytic fait The bary tie fait thus obtained, if care be taken not to em. 
luidpurc/™ iEe ployao excefs of muriatic acid, is perfe&Iy white, on ac- 
count of the hydrofulphuret, by which the iron and other me- 
tallic fabftances are precipitated. To be more certain that it 
contains no muriate of (bda, the different products of the cry- 
liallization (hould be mixed together, diflolved, and re-cry* 
ftallized. 



On the Adi ion JPlatina and Itfcrcury upon each other. By 
Rich a *t> Chbneyix, Esq. F. R, $. M. R . /. 4# 4?* From 
the Philofophical TrQnfaftions for 1305, p. 

Fteykrg, J*ne%d, 1304- 

Atftrcnce to the On the 12th of May, 1803, I had the honour of presenting 
aUt DaUad* PtpCr a to R oy aI Society* tbe object of yrhich was to di£- 
p * covef the nature, of palladium, afubftajice juft then a^noqpfod 


* Inferted in our Journal, Vol. VII. 85, 176 
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tho public as a new fimple metal. The experiments which I 
had made for this purpofc led me to conclude that palladium 
was not wbai it had been dated to be, but that it was a com* 
pound of ptyina and mercury* 

It was natural to foppofe that a fubjedt fo likely to fpread Attempts to 
its infiaencu throughout the whole domain of chemidry, and 
which tended even to the fubverdon of fome of its elements, b^ Q unfucceii- 
woold awaken the attention of philofophers. We find accord- f^* 
ingly, that it has. become a fubjed of enquiry in England, 

France, and Germany; but the experiments which I tad re- 
commended as the lead likely to fail, have been found insuf- 
ficient to infure the principal refuit; and I have bad the 
mortification to learn ttat they have been generally untac- 
cefsful. I have even reafon to believe that (lie nature of 
palladium is dill confidered by chemtfts, at lead with a very 
few exceptions, as unascertained; and that the fixation of 
mercury by platina is by many regarded as vifionary. 

The fird doubts were manifeded in , England; and Dr. Dr. Wollafton 
Wolladon very early denied the accuracy of ray inquiries, £* 

But as be has not publifhed his experiments, I have had no not yet publiihe4 
opportunity of difcufling them. His opinion, however, mud hl8 0WIU 
have foch weight in the learned world, that I fliould have 
negleded a material fad in the hidory of palladium, if I had 
not mentioned it in this. place. 

In France the compound nature of palladium has been more Guyton, in 
generally credited. . When the National Inditute was informed the 

of my experiments, a report was ordered to be made upon author, 
them, md M. Guyton was the perfon appointed for the 
purpofe. He repeated fome of the experiments, and produced 
fame of his retails. His general conclufion was the fame as 
mine. 

MefTrs. Vauquelin and Foorcroy then undertook (he tab- Vauquelio and 
jed, and they were led by it to the confirmation of the recent *°v Kl0 Y* 
difeovery of Monf. Defcotils. The exigence of a new metal, 
i whidtlhat cbemid had found in crude platina, received great 
I fandion from their experiments ; and thus the difeufiion upon 
I palladium baa eftablifhed a fa6t which will be conlidered as 
interefting, but which would be much more fo, were we not 
taadyoverbofthened with tab Ranees which our prefent igno- 
T we obliges, us to acknowlege as fimple. 

t M2 "No 
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—infer that ptl- NTo fooner were thefe celebrated cfaemids convinced of the 
nomercury^ but ^ '^ ence °f a ncw metal in platina, than they concluded that 
is platina with R mud play a principal part in the compofttion of palladium. 
Defcorili* 1 ** 1 * Shortly after this, in a note to a letter from M. Proud to M. 

Vauquelin, in which M. Proud expreflfes his aftonifhment 
concerning all he has read upon palladium, MeflT. Fourcroy 
and Vauquelin further declare, as their opinion, that this com- 
pound metal does not contain mercury, but is formed of platina 
and the new metal. Whether this new fabft&nce does or does 
not play a principal part in the formatioO of palladium, could 
not be afeertained at the time my experiments were made, 
becaufe the new metal itfelf was not then known. But from 
all that Me(T. Fourcroy and Vauquelin have dated, in foch of 
# their different memoirs upon this fubjeft as I have feen, the 
grounds of their fuppofUion have not appeared. May we not 
refer their opinion, then, to that common propenfity of the 
mind, againd which M. Fourcroy has himfelf wafned us with 
equal judnefs and eloquence on ahother occafion, namely, 
a pronenefs to be allured by novelty beyond the bounds of 
• rational belief, end to convert principles which are new into 

principles of uni verfal influence. ' " ' 

AfefT. Role and MeflT. Rofe and Gehlen* were the fird among the German 
Gehlen, ehemifts who indituted experiments upon paltadftum ; and M. 

Richter has alfo publifhed a paper on the fame fubjedh 
—attempted The fl f d attempt of MeflT. Rofe and Gehlen tb form pal- 
without fucccfe ladiunj was by the precipitation of a mixed folution of platina 
an <l mercury jiy green fulphate of iron. Their refult was pre- 
ating a mixed cifely that which I had obferved when my operations failed 
tinaandmerirry a * l0 ^ et ^ er » an( * °f courfe was the mod frequent. This 
by gr. fulphate ' method was repeated twice. The fecond lime the precipitate 
iron i of platina and mercury was boiled with muriatic acid, in order 
to free it from iron ; butlhe tatter trial was not more fucced- 
ful than the former. 

—and alfo by Their third experiment was, what they have called, a repe- 
retteO^^en ^*° n l ^at * n w ^ich * obtained palladium by palling a 
thipugh thc 8 ° current of fulphuretted hydrogen gas through a mixed folution 
mixed folution $ 0 f platina and mercury. Their method was the following. 

*Neues Algemeines Journal der Chemie heraufgegbben von 
Hermdadt, Klaproth, Richter, Scherer, TromidoriF, uad Qehlen. 
JSr&en bandes funftes heft. 

They 
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They dUTolvod one hundred and fifty grain* of plalina with by aUfawhyfto- 
fcur hundred and fifty of mercury, and added a folution of ^ 
hjdrofulphuret of potato. They obtained a precipitate which, Oon \ 

^t fir ft, was black, afterwards gray; but the whole became 
black by being ftirred. To be certain that all the metal* was 
precipitated, they added an excefs of fulphuret of potato, and 
perceived that a part of the precipitate was re-diflblved. The 
liquor was then filtered, and to that part of it, which contained 
the re-diflblved precipitate, an acid was added. From this pro* —but they oh* 
cefs they obtained a yellow precipitate weighing ninety-one . 

grains ; and fifty grains of this expofed to a ftrong heat, left 
three-eights of a grain of platina. They obtained no palla- 
dium from that part of the precipitate which had not been 
ie-difiolved y and the refult of the experiment was complete 
failure. 

I (hall not make any obfervation upon thp ifiue of thit 
procefs, fjnee, in this cafe, the heft conducted is but too liable 
to be unfuccefsful, and that without any apparent fault in the 
operator. But as it has been given as a repetition of one of 
mine, it m^y not be fruitless to examine how far the repetition 
was exaQ. 

. 1 had pafifed a current of fulphu retted hydrogen gas through They did not 

a mixed folution of plalipa and mercury, by which means they SeMtho^Te** 

were precipitated together. My object was fo intimately to perimeat. -Hu 

combine fulphur with thefe metals, that when expofed to heat, 

they might (if 1 may be allowed the expreflion) be in chemical an alkali) 

contad with it at the moment of their nafeent metallic (late; 

and as a Iqw temperature fuffices, as well to reduce thofe 

metals, as to combine palladium with fulphur, 1 hoped that 

thofe efle&s might be produced before the total di$palion of 

(be mercury. How far my expedtation was fulfilled has been 

dated in my former paper. 

The fulphuretted hydrogen gas which Meflrs, Rofe and — »nd this UA 
Gehlen prefented to thofe meta|s was combined with potato. ** 

Now, in the courfe of dociroaftic ledures annually delivered mercury j 
|>y M. Vauquelinat the Ecole des Mines in Paris, when he was 
Profeflor at that eftablitoment, it was his conftant cuftom to 
exhibit an experiment to prove that mercury, precipitated from 
its folution by many of the alkaline and earthy hydrofulplmrels, 
was rediflblved by adding an excefs of them. 

It 
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If is moreover well known, that there If a ftrong affinity 
P* ttina i between potato and the oxide of platina, and alfo that when 

thofe fubftances are brought together in folution, a triple fait, 
bat little folable, is the refult. It was to avoid thefe difficulties 
that I had employed uncombined fulphuretted hidrogen gas; for 
the method adopted by MefT. Rote and Gehlen appearing to me 
to be the application of two divellent forces, 1 prefumed that it 
would produce a reparation. The refult of their experiment, 

* ■ *' which, it appears from their paper, they. had not anticipated, 

— taotd have an (hews the neeeffity of the precaution I had ufed. The opera- 
pofite to that of* l ' on which they performed to unite platina and mercury, was, 
the author*# m faCt, nearly the reverfe of that which they fuppofed they 
procetii. had f rom me> anc j ra ;ght have been applied perhaps 

with a better profpeft of fuccefs towards the decompofition of 
palladium. % 

They could not 9 MeiT. Rofe and Gehlen feem, in many parts of their paper, 
/ufc platina. f 0 q UC fti on ray having fufed platina ; and inform us that aU 
though they had expo fed this metal in the furnace of the Royal 
Porcelain Manufactory of Berlin, in which Wedgewood’s py-. 
romeler ceafed to mark the degree of heat, they could not 
accomplifh its fufion. Many of my friends in England have 
however feen the buttons which I obtained, and which were 
The author ufed not few in number. The flux which I had ufed was boi?y. 
bons* But no me ntion is made in any one of the operations of MeiT. 

Rofe and Gehlen of borax having been employed. 

In many of their attempts they obtained an irregular and 
porous mafs, which of courfe was of a fpecific gravity much in* 
ferior to that of platina; and it might be iftTerred from their paper 
that the diminution of fpecific gravity, which I had obferved, 
was owing to the fame caufe. It is true, not only that I had 
very often obtained fuch a mafs, but that I had frequently alfo 
obferved no diminution whatfoever in the fpecific gravity of 
the button which refulted from my operations. But all thofe 
upon which I had founded the conclnfions alluded to by MefT. 
i Rofe artd Gehlen were performed in the following manner, 

A He Tun cru- and have been repeated fince. * A Heffian crucible was filled 
c bjev.'as iw^.'with lamp-black, and the contents preffed hard together. The 
1 p 1 lamp-black was then hollowed out to the (hape of the crucible 
as far as one-third from the bottom, leaving that much filled 
with the comprefled materials; this lining, which adhered 
ftrongly to the tides of the crucible, was made extremely thin, 

to 
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in order not to obftrult the paffage <& caloric. A cylindrical— -a fn»H cylin- 
piece of wood, as a pencil, was then forced into the cent re of W ** 

the thick mafs of lamp-black at the bottom, and the diameteflowerpanof the 
of this rod was determined by the quantity of metal to be ,,nmgi 
titled, or varied according to other circa m fiances at plea hire. 

In general the axis' of the cylindrical hole was aboat ihrefe of 

four times the diameter of (he bafts. After withdrawing the 

rod the cracibie was about half filled With borax. Upon this— the metal oc- 

was placed the metal to be fufed* and if it badbeen before 

melted into a cylindrical form, the axis of the metallic cylindefborax that filled 

was placed horizontally, and was of coarfe perpendicular i0 iht vefife!* 1 ** * 

, the axis of the cylindrical excavation at the bottom of the 
cracibie. More borax was then added to cover the piece of 
metal/ and' another quantity of lamp-black Was phifTed hard 
over the whole in order to keep it tight together. An earthen 
cover was finally luted to the crucible, and in this ftate it waa 
expofed to beat in a forge, in which upon another occafton, I 
had, in the prefence of Meff Hatchett, Howard, Davy, and 
others, completely melted a Heflian crucible lined and pre- 
pared hi the fame manner. The fuel which I ufed was the— thong hate 
patent coak of MefT. Davey and Sawyer. In the prefent ^ wa,a PP^» 
peri men ts I moderated the heat fo as not materially to injure 
-the crucible, avid upon taking it out of the fire, the liDing was 
generally found fo compact and fo firm that it remained in a 
foiid mafs after the crucible was broken. When the metallic — *nd "hen th* 
cylinder occupied the fpace at the bottom, it was natural to ^ThfionjkJid* 
fappofe that it had been fufed; becaufe in no Other ftate but occupied the cy* 
that of liquidity could it have run into the mould. In order !* indric * l caTlt y 

» . , . . it mud have 

however to prevent all objections I had the precaution to make been fufed. 
the hole of a different diameter from the metallic cylinder, 
and to obferve whether the neceflary change in the fhape of 
the fetter enfued. If after fuch a teft, repeated as often as 
required, I perceived that the metal did not vary in its fpecific 
gravity, I thought myfelf authorised to conclude that it was 
exempt from air. 

M. Richter fays that he had hoped to have put himfeff in M. Richter's 
poffcftion of a cOnfiderable piece of palladium by repeating ^dufion*** 
with minute accuracy the procefs which I had recommended 
as the beft. He precipitated a mixed folution of platina and 
mercury by a folution of green fulphate of iron ; and after 
varying the foblequent operations, to .which lie fubmitted the 

product 
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product he had obtained by this method, be was led to (be 
fidk> wing important condufions among# others of leftconfc- 
quence. Id, That two metals, the feparate folntiom of which 
are notaded upon by a third body, may be aded upon, and 
even reduced to the metallic date, by that fame body when 
prefented to them in one and the fame iblution. * 

> 3dly. That mercery; if capable of entering into combination 
. with platina to, that it cannot afterwards be fcpa rated by tire. 
. Fsomthe firil of tltefe'conafofions k 'is evident, that metals in 
their metallic date; are not incapable of chemical adion upon 
each other; and fremthe (econd, that mercury can be fixed 
• (it is parpefatyntfiat I afe tbe akhetnfcal evpretfion) by 
platina;* .-a • * -v.at ‘ • 

Attempts of - Imaddition<to*th6 chemids abovemen tkmedj I mud name 
Klaproth ^ mt two mare: who-in Germany have been occupied by palladium, 
fuccefsful. Mm, Tfemfilerff, in s letter to -the. authors of (he journal 
.already quoted, mentions his having made fbme fruitleft at- 
template r form thiV combination'; and Klaproth, in a letter 
la Vauquehh pub&hed in the Anaabt* Cktmie, for 
- Vemtefe, an* I2y likewife fays that he ecnM not focceed in 
producing paHadiunu f 

Remarks. The Mels. Rofe and Gehlcn, at well as M. 'Richter, had con* 
expeacd toTuc- from ®y Pap«* e reliance on the fucceftof thair etperi- 

ceed in a few meats, which no words of mine bod authorised, and have 
flaw aitcnded*tb °f enforcing the (ruth ef my refukswrih a degree 

the author's of certainty which their ebfervations do net countenance, 

paper ; M. Richter fuppofed that- the formation of palladium was 

attended with so difficulty ; aodla general they have laid fo 
much firek open this charge, that I fhould be inclined to 
think my Paper had not been read by tbefe chemifis. In 
referring to it again, I find there is hardly a page in which I 
do not mention fome failure, and no experiment, of the very 
few which oocaficoally fnccceded, is related without my 
filing at the fame time that it was repeatedly unfiiccefsfuh 
As far as regards palladium, it h rather a narration of fruitlefs 
attempts than a deferipiton of an infallible prooefs, and more 
likely to create swer&^n to the puefuit than to infpire a confix 
He made many dence of fuccofs, The courfi* of experiments which I bad 
^mcncs °^and " mac * e ' ** we H before as after readiag my Paper to the Society, 
fuccredcd com* took me up more, than two montfas, aud employed me from 
luc four t we ive to fixteen horn- atooft emj day. 1 bed frequently 

feveq 
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Seven or eight operations in the forge to perform doily, and I 
do not exaggerate the number of attempts I made during this 
time, as well in the dry as in the humid way, in dating them 
to have been one tboufand. Among# thcfe I had four fucv 
cefsful operations* 1 perfevered, becaufe even in my failures 
I faw fnfficieot to convince me that 1 fhouid quit the road to 
truth if I defined. After all my labour and fatigue I cannot 
fay that I had came nearer to my obje&, of obtaining more 
certainty in my proceiTes. Their facceft was ftill e haaard on 
the dice, again# which there were many chances; bet till 
others had thrown as often as Ihad done*’ they lied nofolid 
right to deny theemfienc* of fach a combination. On thfa 
foundation none, 1 believe, have edablHkcd fach a right. 

Mefs. Rofa and GeUtu do nob fay how often their expert* 
moots were repealed; but it is probable that If they had been 
performed very often, -thefe authors would not have negfc&ed 
to mention it. M. Richter dates hit merely as preparatory 
to more exteftfhre researches; and M. TromfdorfT, as well 
as M. Klaproth, mention little more than the fad; If the 
German eheaaifts have concluded again# my refalts;i they have 
done fo without juft grounds, and without having be# owed 
upon themthat labour and affiduity for which they are ufuaHy 
fa remarkable* 

In this faste of aacertainty the oompound nature of palla. M. Ritter the 
dium received an iodired, beta very able, fupport from fame £» a e£bliSed # 
experiments of M. Ritter, the celebrated Galvanift of Jena, the order of g*i- 
M. Ritterhad afoestained the rank which a greeter number of “ 

fabdaoces bold in a galvanic facies; arranged according to 
ibe property they poflefs of becoming positive or negative 
when in centad. with each other; He had efiablifhed the 
followings order, the preceding fub fiance being in a minus 
relation lo that which comes next. Zinc, lead, tin, iron, bif- 
scuth, cobalt, antimony; pktina, gold, mercury, fiber, coal, 
galena, cryAatiiseditm ore, kdpfer nickel, (ulphur, pyrites, 
copper pyrites arfearioat pyrites, graphite, cryfialliaed oxide 
of manghnefaj He had the goodnefs to try palladium in my He found pal 
prefence, and found it to be removed, not only from what I 
believed to be its conttituen* parts, but altogether from among 0T ^ tr f rom 
the metals, and le fiand between arfenical pyrites and graphite. 

This refuJt led M ti Rhter into a new and general train of p 0 ‘,2 bod^sT* 
mfoning, and induced him to undertake the examination of a 
i great 
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great-number of aHoyt, and of a variety of amalgams, 
confidered the fubjeft at a phHofopber? and his operations 
were tbofe of a conl'ummaie experimental ft; It would be 
doing him an injuftice to attempt an extras of' his ingenious 
paper, which contains a fet res of the lttoft interefting experi- 
Otheriotcrefting meats. I flail merely obferve for the prefetft porpofe, that 
It very rarely happened that the mixture ofMtWo metals bore 
§ay determinate relation to 1 the fame metarfs when fepar&te; 
that, in every cafe the fmallefit variation in the proportions 
produced the moll marked eflafW'; and * that M. Ritter has 
feroiibed urwitb m mftroment calculated tty dete^Whe pre* 
fence of fuoh fatall quantities as have hitherto been eortfldered 
as out of the reach of diemirtry. As palladium presents a 
very ftr iking iitftaacoKrf 'the anomaly ; to wbidt tfU Obm pounds 
teem to be more or ■ lefs febjetf, by being re move cf altogether 
from the furies of Ample metals, this may ferve to fepport the 
Otbej proofs of its compound nature. 

The objeGon to One of the principal objections of thofe who dtfpote tbd 
«on«!»fions $ baTc^ rot ^ toy trondutioiis with refpefl to palladium, is grounded 
not paid atten- upoo the repeated failure of ail the methods I had made crfe of 
^cd failures of 1 * 0 » t> u * this cannot be of very great weight, when 

SThis methods! we confider the uncertainty of many other operations of cbe- 
miftry. The mod Ample are fometimes liable to fail t and the 
eafieft analvfes have often given different products in the 
bands of different .cb&nifts, who yet enjoy indifputabte and 
equal rights to tins title of aeeuracy. The progrefe which we 
, have made in fume parts of the fcience has not removed the 

cbffades which impede our advancement in others. We 
have no method of proving the truth of an experiment ex~ 
ceptby repeating it: yet this often tends to (how nothing more 
than contradictory refulti, and cvnfequentfy the fallibility ctf 
the art. 

A recent cafe in But a recent cafe has docurred which is perfe&ly analogous 
chemiftry which to 0 f palladium. A few year* ago Pirofeflbr Lampadius, 
in diftilling fome fubfances which contained fulphur and 
charcoal, obtained a liquid product of a peculiar nature. He 
repeated Ins experiments, but in vain : and after many fruit left 
attempts abandoned his researches, krtd confined himfelf to 
Rating the fa& to the chemical world. Little notice was taken 
of it, and not much iniereft excited- by an experiment to 
4ibcly to fail. Some time after ibis Mels. Clement and 

Defomea 
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Seformes obtained the fame refult, and attempted to produce- °f*h* 
the fob Ranee a fecond time. They performed a vafl number of Lm^diuj, 
of experiments ; but their fuccefs bore no proportion- to their which he could 
diligence and zeal. They publilhed an account of their procefs 
and its conferences, but gained little credit, as no perfon e*ce ouiy verified 
was fortunate enough to produce the fame fubfiance. Many *** 

difbeGevcd the experiments altogether, and denied the ex* 

Hlence of fuch a combination ; vvhilft others, lets inclined to 
doubt, attributed its formation to fortuitous circumftances 
which might nejrer again occur together. In February, 1804 *, The inventor 
ProfefTor Lampadius, indiftilKng fome pyritieed wood, though foift^e* f andit 
wkh a different intent, obtained the fame fobftance. As he can be produced 
had it now in his power to obforve the phenomena that at- at P lca f are * 
tended its formation, he difeovered, and has communicated to 
the world, a method of producing it, which never fails. 

Since his late paper upon the fubjed, as the neceflary pre- 
cautions can be followed by every chemift, Mefs. Clerpent 
and Deformes have obtained that credit to which their 
experiments had, -in troth, always been entitled; and ‘the 
formation, of what ProfefTor Lampadius terms his fuJphur* 
alcohol is no longer a refult of chance, or accounted for 
by being fuppofed one of thofe fubterfuges to which human 
pride reforts, in order to fpare itfelf (lie confeflion of human 
.weaknefs. 

The observation of any new fad becomes a matter of general New h £ b are of 
concern) and truly worthy of philofopbic contemplation, then their 

only, when its influence is likely to be extended beyond the relations, Sec, 
Angle infiance to which it owes its difeovery. Whether water 
were a Ample body or a compound could have been of little 
importance as an infulated fad ; but, connected with the vaft 
chain of reafoning it gave rife to, it opened a new field for 
genius to explore. If in the prefect cafe our refearches were 
Co be confined merely to afoertaining whether palladium were 
a Ample metal era compound, all the advantages likely to 
arife from the fads obferyed during the inquiry would be lofl ; 
and an objed of the moA com prehen five intereA would thus 
Ank into a controverfy concerning the exrftence of one more 
of thofe fubftances, which we have dignified with the name of 
elements. It was in this point of view that Mels. Richter 
and Hitter confidercd the fubjeft as far as they went, and 
2 a few 
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a few feds are Hated in my firft Paper in fupport of the 
opinion, that palladium is but a particular inftance oi a gene- 
ral truth. 

Conclnion : By taking the reafoning on this fubjed then, in ita wideft 

mfx * exlent * wc h* 11 ** ,ed » 1 tWnk » 10 lhe followin 8 conclufion : 
Sken for fimplc, That metals may fcxercife an adkm upon each other, even in 
andthedeteftion mcU i|j c fl ale , capable of fo altering feme of their prki- 
JST * cipal properties as to render the prefence of one or more of 
them not to be deleted by the ufual methods. In this is con- 
tained the polUbilitj of a compound metal appearing to be 
£ropie ; but to prove this mull be a work of great time and 
perseverance ; and can only :bo done -by oonfidering tingly 
and fucceffively ihe different caie* which it contains, and by 
inftituting experiments upon each. Wheo an aftnity which 
unites two bodies, and fo blends their different properties aato 
make them apparently one, has taken its full effect, it will not 
be eafy to feparate diem ; and this will be more particularly 
the cafe when neither of thofe fubdances is remarkable ibr 
exerdfing a powerful adion upon oilier*. The method of 
anal) As therefore does not promife much fuccefc; and the 
labour of fynthefis is fufficient to deter any individual from tbe 
undertaking. 

WatTnaath! mer- It is my intention now to exhibit one example of my 
cuty 60 on pofition, and to prove that platina and mercury ad upon each 

each other, and t , r 1 ... ... . .. r . . 

diigaife tbe pro- other, in fucb a manner as to duguik tbe properties ot both, 
parties of each, j therefore wave for the prefect all confidefation of 
palladium, which is in fed but a fubordinate inftance of the 
cafe before us. 

Example; Had- When a folution of green fulpbate of icon is poured into a 
of p ,4,i "*\ no precipitate, nor any other fenftble 
Oate by green change enfues. This I had already obferved, and it has fence 
fulph. of iron, if feggQ confirmed by all who have written upon lhe fubjed. 
bTprefenT} buT But, if a folution of lilver or of mercury be added, a copious 
aotcMt. precipitate takes place. This precipitate contains metallic 
platina and metallic tilver or mercury ; fame muriate of one or 
other of the latter metals is alfo prefcnt, as it is not eafy tofeee 
the folution of platina from all fuperftuous muriatic acid. Bat 
ihefe falts are of mo importance in the experiment; and can 
be feparated by fuch methods as a knowledge of their chemical 
properties will eafily luggeft. The. proper objed of confide* 
fatiqji is the redudion of the platina to tbe metallic ftate, 

v which 
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which does not happen when it is alone. I have tried to pro- 
duce the fame effect with other metals and platina, but I have 
not obfei ved any thing fimilar. It is therefore fair to conclude, 
that when a folution of platina is precipitated in a metallic (late 
by m folution of green fulphate of iron, either iilver or mercury 
is prefent. 

•The precipitation of a mixed folution of platina and diver Nitrate of film 
requires no further caution than to free the fait of platina as 
- much as potfible from muriatic acid ; for as I obferved in my down a triple 
former Paper, the ctfe&of nitrate of filver poured into muriate, 
of plafiiia, m to produce a precipitate, not of muriate of 
filver, but. of a triple muriate of platina an i filver. It was 
by this experiment that I then proved the affinity of thefe two 
metals; for. when filver is not prefent, muriate of platina is 
among the mdA triable falls. The bed method of presenting predfc medioJ 
the three folutions of platina, filver, and green fulphate of iron *** 

to each other, is fir ft to pour the filtered folution of the laft U lhc fUte bjT* 
into the folution of platina, and then, after mixing them tho- f tt, ph* 
roughly together, to add the folution of filver by degrees, and 
to Air them conftanliy. In this, as in all fimilar operations, 
the prefence of all acids, falls, &c. excepting thpfe ne- 
cefihry for the operation, ftvould be avoided; and if proper 
proportions have been ufed, and all circum fiances attend, 
ed to, the precipitation of tbefe two metals will be very 
complete. 

But the precipitation by a folution of mercury requires to be The ft me, kit 
further confidered, as the flate of oxidizeraent of this metal, w,th frt,utio11 °f 
as well as^the acrid* in which it is diflblved, produpes N.confi- mCTCury- 
derable* modification in the reftili, In the firft place the oxicte, 
at the minimum of oxidizement, diflolved in muriatic acid, is 
unfit for the experiment ; and even the red oxide diflolved in 
the feme acid, or corrofive fubliniate, h not the moft advan- 
tageous. When a v^arm folution of the, latteris poured into a 
mixed folution of platina and green fulphate of iron alfo 
warm, as in the cafe of filver, thefe fubftances are brought 
into conta& under the moft favourable circtim fiances. Yet 
even thus the precipitation is (lowly an4 im per Wily formed, 
often not till fevera) hours have elapfed ; and fomelimes a 
yery great deficiency of weight is obferved, between the quan- 
tities ufed and thofe recovered dire&ly by this method. If a 
folution of nitrate of mercury be ufed, the efitfi is produced 

more 
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more rapidly, and the precipitate is more abundant* The pre* 

ci pi tat ion of muriate of platina by nitrate of filver, and the 
combination which enfues from it, fuggefted to me an experi- 
ment which I mud Hate at length, as from the refult of it 
confequences are deduced which modify feme of the experi- 
ments of my former Paper. 

Mercury 4if- . It occurred to me that a! method of uniting platina and 
atiaBonf' ot oxidl- meTcaT 7 without the intervention of any other metal, or of any 
tion will fail in a fubftance but the folvenls of thefe metals might be accom~ 
pi at In / v!r^ t Ko ut as * n the cafe of Clver and platina. I therefore poured 

any add-on of a folution of nitrate of mercury, which folulion being at the 
fulph. iron. minimum of oxidizement, consequently formed an infoluble 
muriate with muriatic acid, into a folution of muriate of platina • 
The refult was a triple fait of platina and mercury, which 
when the mercury was completely and totally at the minimum 
of oxidizement was nearly infoluble. To procure it in this 
flate it is fufficient to put more metallic mercury into dilute 
nitric acid than the nitric acid can diflolve, and to boil them 
together. This triple fait of platina and mercury (hall be pre- 
sently examined. From this it is evident than to produce the 
union of platina and mercury, the latter being at its minimum 
of oxidizement in nitric acid the addition of green fulphate of 
iron is fuperfluous. 

Kot Coif the But if mercury be raifed t6 its maximum of oxidizement in 
mercury be at n it r j c th e ca f e j s different, for no precipitation occurs till 
oxidixeront. the green fulphate of iron is added. The moft advanta- 
geous method for precipitating platina and mercury by green 
fulphate of iron is, I believe, the following. Mix a folution 
of platina with a folution of green fulphate of iron, both 
warm, and add to them a folution of nitrate of mercury 
at the maximum of oxidizement alfo warm. It is nec efTar/ 
to avoid excefs of acid, fait, &c. in this as in all fucU cafes. 
4 With due care the precipitation of both metals will then be 
complete. 

Whether mer- • By comparing the experiments made with mercury and 
C kibl- e ^ngfy P^ atma w,l h tliot'e made with filver and platina, a flrikmg 
hv green fulphate refemblance will be^ouod. This induced me to purftie the 
ci iron ? &c. analogy, and to examine whether, independently of the aftioa 
of platina, mercury had not the lame pcoperty of being prtci* 
,piteted by green fulphate of iron as (ifver. Nitrate of filver is 
^precipitated by gre^n fulphate jof iron, but muriate of filver# 

not 
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not fenfibly aded upon by the fame reagent. The infallibility 
of muriate of iilver might be alledged as the caufe of this, if I 
ted not tried the experiment by pouring nitrate of (ilver into 
green muriate of iron, in which cafe all the fabftanccs were 
prefen ted to each other in folution. The refult was not re- 
duction, but muriate of diver and nitrate of iron. This tad 
refts upon a much more e*tenfive bads than mere mechanical 
circum fiances ; and, if purfued with the intention it deferves, 
it would lead us into the wide expanfe of complicated affinities 
and their relations. From reafoning alone we ftiould be «li£ 
poled to think that an acid, fo eafily decompofed as thetotfio, 
would be fufficient to prevent the redudion of a metal which 
it can diflolve. But on the one hand it can fpend its oxygen 
upon a part of the oxide of the green fulphate of iron, while 
on the other its affinity for oxide of (Liver is not powerful 
enough to retain it, when there is another part of the oxide of 
iron prefent to deprive it of oxygen. But the affinity of 
muriatic acid for oxide of filver, one of the ftrongeft at 
prefent known, is fufficient to counterbalance all the other 
forces. There are many other inftances of tiie fame kind. 

If then a folution of green fulphate of iron be brought into Mercury in m- 
contad with either foluble or infoluble muriate of mercury, 
redudion takes place ; but if mercury, whether at the maxi- by gr. fu! f h. of 
mum or the minimum of oxidizement, be diflolved in nitric ,ron * 
acid, and green fulphate of iron be a<Jded, the mercury is 
precipitated in the metallic date. 

Tliefe experiments are much fironger examples than the Thrfere*>*rlc-* 
former of the effeds produced by complicated affinities. They 
are of importance not only as objeds of general conti deration mcrJy 
but in their application to the prefent failed. They mod ma- 
terially modify and are iadifpeofable lo the accuracy of the 
refults I formerly Gated; but i was not aware of them at 
the time I firft engaged in the invefiigatioa of this fubjed.^ I 
can alfo now explain a very material difference between fame 
proportions obferved by M; Richter and myfelf in an expe- 
riment which that cheaift had made as a repetition of one of 
mine. 

I had pouted a fetation of green fulphate of iron into i Preapitatian <4 
Motion of 109 part* of (told and 1200 of merewy, and had 
obtained a precipitate confiding of 100 of gold and 774 of of iron: repeated, 
mercury* M, Richie* repeated, as he tarns it, this experk b I ***** 

meat; 
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went ; that is, he ufed 100 of gold and 300 of mercdry, and 
obtained a precipitate weighing 102. He is furprifed at the 
difference of weight between our re fulls, which might be 
owing to his method of repeating the experiment ; but the real 
caufe of this difference lies, as I fuppofe, in ray having acci- 
dentally ufed nitrate inftead of muriate of mercury. I had 
never observed that with mercury and Giver this operation 
had failed, and it matt have been, becaufe, on account of the 
known effe& of muriatic (alts upon tbofe of Giver, I had 
naturally avoided ufing a muriate of mercury. 

The fate of ox- But the date of the nitrate of mercury which it ufed with a 
tra^of folution of gold is not indifferent. As green (ulpbale of iron 
ufed with the fo- reduces mercery when dtflolved in nitric add, as well as gold, 
lutionoffoMisofji ^ necefiary to mix the folutions of thofe metals before the 
the (riRtaum of green fulphate of iron is added, in order that both may be 
oxidation pre- afted upon together. If the nitrate be at the minimum of oxi- 

vails calomel * » 

and mefeltic gold dbement, a precipitate is immediately formed upon mixing the 
fail. down $ folutions of gold and mercury. Calomel is produced by the 

muriatic acid of the folution of gold and the oxide of mercury; 
whilft the gold is reduced to the metallic date by a portion of 
the oxide of mercury becoming more oxidised, and forming 
the foloble muriate. The precipitate coo lifts of calomel, of 
metallic gold, and of a very foiaH portion of mercury which I 
believe to be in the fame ftate ; my reafon for thinking fb, is, 
that I have often obferved, that a glafs veffel in which I had 
fublimed feme of it, was lined with a thin gray metallic coat, 
hut *f the rt ix- If, on the. contrary, a nitrate of mercury be highly oxidized, 
tbinsfauSlthe 00 ** radudioo of gold takes place until the green 

pcen fulphate of folphete of iron is added. Bat at any rate the precipitation of 
Iron is added, and amicury, or of filver and mercury by green fulphate 

of iron, cannot be adduced as aa argument to fiipport the 
affinity of tkefe metals, fine© the effect is the feme, whether 
they are feparate or united. 

Tbefe preliminary conftderattoos were neoeflary as well 
for the rectification of my fonder experiments as far. the pus* 
fait of my prefect objeCt; and now to return to platina. 
Experiments Exper . 1. If a folution of highly oxidized nitrate of mercury 
7. Much o^the ** pound into a mixed foiatioa of platina and green fulphate 
highly oxid. foi. of iron, the firft aft km which takes place paffes between 
°f mercury pour- mur i a |jQ ©f the folution of platina and the oxide of 

ration t)f plat, mercury, by which a muriate of mercury is formed, but retained 

in 
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fa^otflfton. This efffc# makes it advantageous to ufe a greater Mpj»* °f 

quantity of the folution of mercury than is merely capable pi^ttua and 

drawing down the given quantity of platina dlong with itfelf mercury united. 

m the form of a metallic precipitate. When t hi precipitate is 

wafhed and dried, it will be found to weigh much more than 

the original quantity of platina; and the augmentation of 

weight has no limit batthofe? of the mercury and the green 

fulphate of if&n employed.' But even after nitric acid*Kas been Part of the latter 

. . . , o . « . * « . . . ■, '• i* defended from 

botled for a long time and ift great quantities upon tm$ precipi- nitric 

late, until it no longer diflblves any pirt of it, Wfe^e ftfff re- 
mains more ondiflbHfred matter than the original Weight 6f*lhe 
platina tifed in fte experiment. By expofure ' to heal little Heat drives off 
more is left id ' genera! than the original platina; and fome- 1 w€tcnT ^ 9 
times evefi a' dftnintitron may he obferved ; For as the experi- 
ment is iferf Attended wffh uniform fuccefs, it does not always 
happen That thd whole OPthe platina is precipitated, but a 
portion ofH l wit! Tomethnesrefift the aftion of the green ful- * 

phate df irdn, even when fufficient mercury has been ufed. 

Beforeihe predphate lias been expofed to heat it is diflblved The compound 
more eafily tbaitf'plktftia by nitro-muriatic acid ; and the folu- Sjare^oUUe 
lion when nearly in*V nfcotral ftate gives a copious metallic than plat. inn. 
precipitate, (yet not' equal to the quantity employed,) when ^^muctTme- 
boiled wlth*a fblbtidn of green fblphate of iron. tal. precip. by 

Experts When at mixed Tolution df platina and mercury is ^ 

precipi tetetFby metafile iron, a quantity equal to the fum of the Exp. a. Me- 
former metals is generally obtained. After nitric acid has been ^iciron throws 
tolled for a long time upon the precipitate! fo formed, the mere, from a 
original weight of platina, together with i 1 confiilerable in- roixcd folution. 
oteale, rom&hs behind, nor cam nitric* acfd fennbly dimimfli no t deprive thia 
it. It yield* mdre etiily than platina to fhe aflion of nitro- of all its 
muriatic acid, ^neffta folutfon ih that acfd, wheif’ Neutralized, S^^^uble^n* 
gives a precipitate, as in the former ejcpdtim^nf, by green *• m. acid 5 
fulphatc of iron. If this precipitate be expofed to a flrong 
heat after it has beem boiled with nifrfc acid,' it lofes a great Heat ufually ex- 
P*rt of its 1 weight, and the platina alone wiflgenerally be P^ t J^ l * rcary 
found to remain. ’ 

Erpcr. 3. When a quantity of ammoniacal muriate of platina E *P* 3* Amal- 
» treated aecCrdiftg tb the method of Count Muffin Puflikin mom^mur! of*" 
to form an amalgam, and, ’after being rubbed for a confiderable plat*) ftrongly 
time with mercury, is expofed in a crucible to a heat gradually lacd*on 

increafed till it becomes violent, a metallic powder remains in by n. m acid,, 
V r ot. XI.— *JULY, 1305 . N the andcop,ouUy 
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ptedp. by |r. C the crucible. This powder is a&ed upon by mtrp~nrerialrc 
•f uoo. acid, and when the foiuUon is neutralised, a copious prcteipi- 
late is formed upon the addition of green fulphate of iron* 
This effed takes place even after the metal has beep fitted in 
the manner defcrjbed in the former part of this paper, 
lip. 4. Sulphur E?per. 4. If fulphur be added to the ingredient* recoin - 
added in the Uft pended by Count Muflin Puflikin, and tbe whple treated a* 
J«^predp. * D the laft experiment, the quantity of precipitate caufed by 
green fulphate of iron in tbe nitro- muriatic folution of the 
button which refults from the operation^ is generally more 
Confiderable. 

Exy. 5. Sulphur Exper. 5. If fulphur be rubbed for foroe time with ammo* 
Tubbed with sir*. niacal muriate of plaiinat and the mixture be introduced into a 
meltf Mercury Florence fo cap be malted on a fan d~ bath. If 

being'added, mercury be then thrown into it, and the whole be well ftirred 
ftrtmg fufion together and heated, it may afterwards be expofed to a very 
folTin n. U fn. n ^ ftrong fire and melted into a button. If this be diffolved in 
trid and preci- nitro^rouriatic acid, it will give a precipice, as in the forme? 
pit^Ue by gr. (• by green fulphate of iron. 

^ g Exper. 6. If a current of fulpburetfed hydrogen gas be font 

prccjp.Vrom tbl. through a mixed folutfon of plating and mercury, and the 
°fp&* . precipitate which enfues be colled&d, the metal may be ref- 

hydrogen kfng duced by heat ; and with the addition of borax, it may bt 
fufed affords a melted into a button which will not contain any fulphur. Green 
ja-fcr-Mp** * ron cau ^ es * precipitate ip the folution qf this 
metal alfo. 


Exp ,7. ^tike* Exper. 7. If to a mixed folutfon of platina and mercury, 

wife the precip. phofphate of ammonia be added, a precipitate takes place. If 

'Ihis be colle&ed and reduced, it will be aded upon by green 

fulphate of iron poured into its folution, in the fome manner as 

the metallic buttons hi the preceding examples. 

E sp. S. Nitr. of Exper. 8*. I have already mentioned that when a folution of 

mere, at mm* of nitrate of mercury, at tbe minimum of oxidixeroent, is poured 

oxidm. precipi- - |n ^ 0 a f 0 i u tjp n 0 f muriate of platiha, a mercurial muriate of 
UttS ttiur* of pi. . . . . * . . 

The metallic platina is precipitated. The lupernalqnt liquor may be do* 
compouod diC- ca nted and the refiduum walked j if this be reduced and after- 
acSd^i 9 preci pi t- wards diflblved in nitro-muriatic acid, it will yield a precipi- 
ce by gr. i, of ute with green fulphate of iron. This method appears to®* 
ll0l,t to be the neateft for combining platina and mercury, «* the 

gfiiou which takes place is independent of every fubftance 
except the metals (jicmfelves. 

Exper. 
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Harper. 9 . One of the moft delicate teftt that I hate obferved Exp. 9. Recent 
io dmmiftry is reeent muriate of tft?, *hieh dete&s the prei th^moft^eHcatc 
feoce of the fmalleft portion of mercery. When a tingle drop teft of mercury. 
Of a fatarate fetation of neutralised nitrate Or muriate of J* 001 indi " 
mercery is put -into 500 grams of water, 4nd a raw drops of a in a mixed fain- 
fen rate Motion of Tecent muriate of tin Ore added, the liquor l {*? mc " 
becomes a Iktle turbid, and of a (moke-gray colour, Ifthefe p Uau 
000 grains of liquid be dilated with ten times their weight of 
watery the is of courfe diminifhed, but fttM St is per* 

ceptible. 1 had on a former oceafion obferved the a€Hon of 
reeent muriate of tin upon a dilution of platina. If a fetation 
af recent mtfrkte of tin be poured into a mixed folotion of 
pktina and mercury, not too- concentrated, it can hardly be 
diBinguKbed from a fin? pie Solution of platina* But if ted 
much mercury be prefent, the eacefs k ailed upon as tneri. 
eery ; aod the liquor afTumes a darker colour than with pktina 
alone. 

From all tbefe experiments it is evident that mercury can Hence, i, 2. 
a & upon platina, and confer upon it the property efbeingpre- pr fo tn 
tvpitmfed in a metallic Slate by green felpbate of iron* By 
Experiments 1 and 2, it is proved, lft, That pktina can protect injury renders 
a considerable quantity of mercury from the aAkm of nitric ” 0 
add; and 2dly, That mercury can mcreafe the adMon of oitro- m| *r. acid: 
muriatic acid upon platina. FromE rpcrimtnit 3, 4, 5, 6, 7, 8, nl^cury 
it appears that mercury can combine with platina in fech a in the ftrong 
manner as not to be feparated by the degree of heat neceffery ^Mwufy Trjd 
to fufe the compound, fince after the fufion it retains that pittfoss&ofi 
property, which is efTenlially^hftra&eriftic of the prefence of 
mercury in a folution of platina. The 8th Experiment proves 9. piatinadc- 
fet the allion of mercury upon platina is not confined to the 
metallic Bate ; but that thefe metals can combine and form an bemg redact* bf 
iofolabk triple fait with an acid which produces a very fohsble ab of to* 
compound with platina alone. The 9th Experiment (hows that 
pktina can retain in fetation a certain quantity of mercury, 
and prevent its reduction by a fabftance which alls mofl 
powerfully to that cfle€l, when pktina is not prefent. That 
part of the general petition therefore which is the objed of 
tins paper is proved, if thefe experiments, upon being repeated 
by other cheroifts, (had be found to be accurate. 

One or two of the above experiments feera to be in contra- Remark on pal. 

• 4&ion to fome that 1 have Bated in my paper upon palladium 5 ladm,n * 

N 2 for 
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for in the prefent examples platina prote&s mercury agamrf 
the action of nitric acid ; wbereas*in palladium the mercury is 
not only afted upon itfelf, but it conduces to the felution of 
platina in the fame acid. I am well aware of this objedlion ; 
bat confining myfelf tomy prefent ob}e&* I (ball wave all 
further difcuffion of it tiU smother opportunity. In the meat* 
time, however, it may be laid down as 30 axiom in chemifiry* 
that the ftrpngeft affinities are thole, which produce in any 
fubftaoce the greatefi deviation from its ufual properties. 

The compounds When a button of the alloy of platina and mercury as pre-* 
nLrcu t ry*arefub.P are ^ by 3 n y of the above methods, is dhfelved in niUp* 
jea to great va- muriatic acid, and after wards .precipitated by green fulphate 
nations, &c. Qf iron# the entire quantity of the alloy ufed is feldom obtained* 
A confiderable portion of platina re lifts the ad ion of green 
fulphate of iron, and remains in folution. This may be looked 
upon as the excefs of platina, and can be recovered by a plate 
of iron. Hence it appears that lefs mercury is fixed, than can 
determine the precipitation of the entire quantity of platina ; 
yet in this fiate it can draw down a greater quantity of the 
latter, than when it is merely poured into a mixed folution of 
platipa, not before fo treated. Indeed the whole of thefe 
experiments tend, not only to (how that thefe two metal* 
exqroife a very powerful a&ion upou each other, but that they 
are capable, of great variation in the fiate of their combination * 
and alfo that fab fiances poflefiing different properties have 


Invefttgaiion of 
the quantity of 
mercury thus 
fixed. It is 
Cappofed or in* 
ferned to be 
jfeat >7 mer- 
cury to pjor 
int, with the 
fpecific gravity 


refolled from my attempts to combine platina with mercury. , 

• This obfervation furnifliied me with a method of alcer* 
taining, or at Jeaft of approaching to the knowledge of, the- 
qaantity Of mercury thus fixed by platina, and in combination 
with it. The experiment, however, having been feldon* 
attended with foil fucccfc, I mention the refult with the entire 
confcioufnefs of the uncertainty to which it is fubjedb 1 ob- 
ferved the iocreafe of weight# which the original quantity of 
platina had acquired in feme cafes after it bad been treated 
with mercury, and fufed into a button. I counted that aug- 
mentation as the quantity of mercury fixed. I then determined 
how much, was precipitated by green fulphate of iron from a 
folution of this alloy, and fuppofed it to contain the whole 


quantity of mercury found as above. But, even if attended 
with complete fuccefs, there is a chemical reafon which roaft 
m^ke qs jefufe our afient to JLbis eflimale. It is poffible, and 


not 
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not unlikely, tbat a portion of metnjry may be retained in 
folutinn by the platina, as well as that a portion of the patina 
may be precipitated by ipeans of the mercury. The mean 
re full, however, was that the precipitate by green fulphate 
of iron con fitted of about 17 of mercury, and 83 of platina, , 
when the fpecific gravity was about 16. 

With regard to palladium, Jett it (hoyld be fuppofed that The author con- 

cither ipy own pbfervations, or thofe of others hi|ve given me \ 

caofe to alter my opinion ; I will add, that I have as yet feen Is a compound, 

no arguments of fufficient weight to convince me, in oppofition 

to experiment, that palladium is a fimple fubftance. Repeated 

feu lure in the attempt to form it I am too well accuttoiped to, .... . 

pot to believe that it may happen in well conducted operations; 

but four fuccefsful trials, which were not performed in fecret, fince fourfuc- 

are in my mind a fufficient anfwer to that obie&ion. By deter- ccfs * ul c, P cn * 
... c i r menis were made 

mining the prefent queftion we may overcome the preppu 0 'f forming it. 

ftffion conceived by many agafeft the poffibility of rendering 
mercury as fixed, at an elevated temperature, as other metals ; 1 

we may be led to fee no greater miracle in this compound 
than in a metallic: oxide, or jn water, and be compelled to 
take a middle path bet ween the yiftons of alchemy on the one 
barn), apd the equally onpbilofophical prejudices on tbe other, 
which they are likely to create. In the courfe of experiments 
juft now related, 1 have feen nothing but what tends to con- 
firm ray former refults, yet the only means which I can; after 
all, prescribe for fucceeding, js .perfeverance. 

To afeertain whether the opinion of Me(T. Fourcroy and PUtina, purified 
Vaoquelin, that the new metal wais the principal ingredient Vauquehn's* 11 * 
in palladium had any juft foundatk>n, .I obferved the methods method, it 
they have recommended for obtaining pure platina ; but I did '2 J U e a |[ r y t ^ 0 ^ n " 
hot perceive any difference in the facility with which either cur y. 
kind of platina combined with mercury. 

* I might have added fome more experiments to corroborate Thefe cbemiftt 
the evidence I have adduced to prove my afl'ertion of e 
Station of mercury by platina ; but Me(T. Vauquelin and purfue the fub- 
Fourcroy have promifed the Inftitute of France a continuation 
of their refearches/and M. Richter concludes his paper with 
faying that he will return to the fubjefh From the labours of 
fuch perfons fome great and important fa£t muft iflue, and I 
hope tbat the preferrt fubjeft will not be excluded from t^eir 
conti derat ion. The facts contained in t)iis paper cannot bp 
3 fubmitted 
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fubmitted to too fevere a Scrutiny ; and no judge ean be morw : 
rigid or more competent than the very perfon who was the 
fir ft (q doubt my former experiments. But it is neceflary to 
be obferved by whoever (bail think them worth the trouble of 1 
verifying, that jevep thefe experiments are liable to fail tmtefe 
proper precaqtiqns are qfed : that I have never operated tj port 
left than one hundred grains ; and that the refuhs y which I 
have ftated, however fimple they may appear, have been thw 
conftant laboqr of Tome weeks. 

FOSTSpRIfT. 

Pr. WoDafton’s Since this paper was written Dr. Wollafton has publifoerf 
fome experiments upon patina. He has found that paftaditim? 
prove* nothing; is (contained ip very (malt quantities in crude platina. This fa£fc 

been the* y od ^ WE * ment *9 n ^ to me nor ^ than * 7 *** a 8° by Dr. Woltafton. 
of the I have P ot 7*1 fcen a copy of his paper ; but I (bell merely 

»*ting proccfi. obferve here that* whatever be the quantity of palladium fpumf 
{n a natural ftate, no cprichifion can be drawn as to its being 
fimple or compound. Nothing is more probable than that 
nature may have formed this alloy, and formed it much bettef 
than we can do. At all events, the amalgamation to which 
ylatina is fqbmitted before it reaches Europe, is fufficient to 
1 account for a fmall portion of palladium. 


VI. 


Method qf obviating the Necrjfily qf Lifting Ships . By Mt* 
Robert Seppings, of CfuUham Yard*. 

preat faving and Tb. qietbod here to be deferred of fqfpendipg, inftead qf 
^nSng^inftead* ^* n 8» fldps, for the purpofe of clearing them from their 
of lifting ilripi. blocks ; affords a very great laving to the public ; and abridges 
two^thirds of the tiipe formerly ufed jn this operation. Froiq 
the faving pf time another very important advantage is derive 
ed, namely, that of enabling large (hips to be docked, fuf- 
pended, and undocked, the fame fpring tides. Without 
enumerating the inconveoiepcies ariftng, and* perhaps, in- 
juries, which (hips are liable to iuftain, from the former 


♦ From the Tranfa&ions of the Society pf Arts, who tofed hint 
|be gold medal, 1804. 
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pr&Afce of lifting tbefn, arid which aire removed by the 

prcfent plan ; that which relates to maned labour dilerVes 

particular attention'; twenty men befog fufficient to fufpend ’twenty men 

a firft ratb, whereas it would requite upwards Of 500* to lift Jf^^JJ^** 1 *** 

her. The filiation which Mr. Seppingi held irt Plymouth- 

yard, attached to him, in a great degree, the (boring and 

lifting of (hips, as well as the other practical part of the pro- 

feflion of a ftuptf right. Here he had an opportunity of^jftory* 

obfervfog, and indeed it was a fubjeft of general regret, how 

much time, expCnfe, and labour, were required in lifting a 

(bip, particularly (hips of the Fine. This induced him to con~ 

toder whether f6me contrivance could not be adopted to 

obviate thefe evifo And it occurted tb him, that if he could 

fo con(tru6t the blocks on which the (hiji) fefts, that the weight 

of the fhip might be applied to aflift in the operation, he fhoold 

accomplilh this vCry d’efireable end. In September 1800, 

the (boring aiid lifting the San Jofef, a large Spanifh firft-fate. 

then in dock at Plymouth, was committed to his dire&ions ; 

to perform which, the aflillance of the principal part of the 

artificers of the yard was requisite. In conducing this bufinefs^ 

the plan, which will be hereafter deferibed, occufed to his 

mind ; and from that time, he, by various experiments, 

proved his theory to be corredt : the blocks, Conftru&ed by The contrivance 

him, upon which the (hip refts, being fo contrived, that the 

Ability in removing them, is proportionate to the quantity of horizontal 

preflfure; and this circuitiftance is always abfolutely under 

command, by increafing or diminiftiing the angle of three vertical wedge, 

wedges, which cohftitute one of the blocks ; two of which 

are horizontal, and one vertical. By ehlarging the angle which by the 

of the horizontal wedges, the vertical wedge becomes of 

ccmfeqoertce more abute $ and its power may be fo increased, aifplacc the 

that it (hall have a great tendency tb difylace the horizontal othert * 

wedges, as was proved by a model, which accompanied the 

ftatement fo the Society ; where the power of the ferevv is 

tried as a ftrbftitate for the preflute of the (hip, 

Mr. Seppings caofed three blbcks to be made of hard wood Experiment* 
agreeable to his invention, and the wedges of various angles. 

The horizontal wedges of the firft block were nine degrees; 

of the fecond, feven ; and of the third, five ; of courfe, the 

angle of the vertical w edge of the firft block was 162 degrees; Andes tb* 

pf the fecopd |66; and of the third, I7Q Thefe hlocks, or y, **t cu 

- wedges, 
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by battering- 
rams. 


wedges, were well executed, and rubbed over with fofl fotp 
for the purpofe of experiment. They were then placed Id. a 
dock, in his Majefty’s yard at Plymouth, in which a floop of 
A foop i«fte4 war was to be docked ; on examining tliera after the veflel . 
upon them, and was i n§ aiK j ^ wa j er gone, they were all found to have kept 
1 up * their fituations, as placed before the (hip refted upon diem. 

Shores in their wake were then erected to fuftain the (hip* 
The horizontal prior to the faid blocks being tal^en from under the keel. The 

therfdriv^out P roce ^ s clearing them was, by applying the power of 
battering-rams to the Odes of the outer ends of the horizontal 
wedges; alternate blows being given fore and aft; bywhich 
means they immediately receded, and the vertical wedges 
were difengaged. It was obferved, even in this fmall (hip* 
that the block which was formed of horizontal wedges of nine 
degrees, came away much eaOer than thofe of feven, and the 
by battering- one of feven, than tfyat of five. In removing the aforefaid 

rams » blocks by the power of the battering-rams, which were fuf T 

pended in the hands of the men employed, by their holding 
rqpes pafled through holes for that purpofe, it was remarked 
by Mr. Seppings, that the operation was very laborious to 
the people ; they having to fupport the weight of the batter- 
fupported on ing-rams, as well as to fet them in motion. He then con- 
wheels. ceived an idea of affixing wheels near the extremity of that, 

part of the rams, which rtrikes the wedges. This was done, 
before the blocks were again placed ; and it has ijnqe been 
found fully to anfwer the purpofe intended, particularly in 
returning the horizontal wedges to their original fituations, 
when the work is performed for which they were difplaced ; 

, . the wheels alfo giving a great increafe power to the rams, and 

decreafe of labour to the artificers ; befides which, the blow’s 
are given w ith much more exaftnefs. The fame blocks were 
again laid in another dock, in which a two-decked (hip of 
the line was docked. On examination they were found to 
be very feVerely prefled, but were, removed with great eafe. 
Other experi- They were again placed in another dock, in which a three-. 

decked (hip of the line was docked. This (hip having in her fore- 
mad and bowfprit, the blocks were put quite forward, that being 
the part which prefles them with the grealeft force. As foon as 
It was found the water was out of the dock, it was obferved, that the ho- 
o^th^veff-fwas rizontal wedges of nine and feven degrees had receded fome 
capable of preiT- feet from their original fituations. This afforded Mr. Seppings 
wedges*^ a fetisfadory proof, which experience has knee demonftrated, 

(though 


fupported on 
wheels. 


Other experi* 
menu. 
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(though many perfons before would not admit of, and others 
could not underftand, the principle) that the facility of re- 
moving the blocks or wedges, was proportionate to the 
quantity of preffure upon them. The block of five degrees and therefore 
kept its place, but was immediately cleared, by applying the [^proper^ngte 
power of the battering-rams to the fides of the outer ends of they would 
the horizontal wedges. The above experiments being com- ^ r y V c ^able of 
ipanicated to the Navy .Board, Mr. Seppings was directed to being driven out, 
attend them, and explain the principle of Iris invention ; 
which explanation, farther corroborated by the tefiimonials of 
his then fuperior officers, was fo fatisfa&ory, that a dock was 
ordered to be fitted at Plymouth under his immediate direc- 
tions. The horizontal wedges in this, and in the other docks. The beft angle Is 
that were afterwards filled by him, are of caft iron, with ^ for caft^ron 8 ^ 
angle of about five degrees and a half, winch, from repeated wedges, 
tfials, are found equal to any prefifure, having in no infiance 
receded, and, when required, were eaftly removed. The 
vertical wedge is of wood, lined with a plate of wrought 
iron, half an inch thick. On the bottom of the dock, in 
the wake of each block, is a plate of iron three quarters of 
an inch thick, fo that iron at all times a&$ in contad with > 
iron. 

The placing the fuftaining (bores, the form and fizes of the , 
wedges, and battering-rams, &c. alfo the procefs of taking 
away, apd again re-placing, the wedges of which the block 
is compofed, are aHo exemplified by a model. 

The dock being prepared at. Plymouth, in Augufi* 1801, A large 8o- gun 
the Canopus, a large French 80-gun (hip, was taken in, and fy^^methad* 
refled upon the blocks ; and the complete fuccefs of the ex- 
periment was fucb, that other docks were ordered to be 
fitted at Sheernefs and Pert (mouth dock -yards, under Mr. 

SeppingsY directions. At the former place a frigate, and at 
the latter a three-decked (hip, were fuipended in like manner. 

'’This happened in December, 1802, and January, 1803; and 
t|ie reports were fo favourable, as to caufe directions to be 
given for the general adoption of thefe blocks in his Majefiy Y 
yards. Tins invention being thought of national confequence, 
with refpeCt to (hips, but particularly thofe of the navy, 
government has been pleafed to notice and reward Mr. Sep- 
pings for it. 

The time required to difengage each block, is from one to fetch block may 

three minutes after the ftiores are placed ; and a firft-rate fits difen 8*« ed »« 

three minutes. 

on 
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It Is not re- 
quired to Aif- 
pend the ftip in 
all cafes. Eor 
the repairs may 
be done by fOc- 
ccffive removal 
Of blocks. 


The lifting rf 
Blips was a fre- 
quent operation 
in the navy. 


This invention 
is of value in 
other under- 
takings. 


Fid of a top 
gallant maft a 


applied by 
Capt. Wells. 


Mm oeuvre of 
finking the 
tnaft, dec. 


on about fifty blocks. Various are the caofes for which a> 
ft ip may be required to be cleared from her blocks, viz. to 
ftift the main heel ; to add additional falfe keel ; to repair 
defied*; to caulk the garboard feams, fcarples of the keef» 
&c. Imperfedions in the falfe keel, which are fo vary in- 
jurious to the cables, can in the larged ftip be remedied in a 
few hours by this invention, without adding an additional 
(bore, by taking away blocks forward, amid- (hips, and abaft* 
at the fame time ; and when the keel is repaired in the wake 
of thofe blocks, by returning them into their places, and then 
by taking out the next, and fo on in fccceffion. The blocks 
can be replaced in their original fitualions, by the application 
of the wheel battering-rams to the wedges, the power of 
which is fo very great, that the weight of the ftip can be 
taken from the (bores that were placed to fuftain her. There 
were one hundred and fix (hips of different dalles, lifted at 
Plymouth dock-yard, from the 1ft of January, 1798, to the 
31ft of December, 1800; ahd, had the operation of lifting 
taken lefs time, the number would have been very confider- 
ably increafed ; for the faving of a day is very frequently the 
caufe of faving the fpring tide, which makes the difference 
of a fortnight. The importance of this expedition, in time of- 
War, cannot be fufficiently eftimated. 

This invention may be applied with great advantage; 
whenever it is neceffary to ereft (bores, to fupport any great 
weights, as, for inftance, to prop up a building during the 
repair of its foundation, &c. Captain Wells, of his Ma- 
jefty’s fliip Glory, of 98 guns, ufed tvedges of Mr. Seppirigs's 
invention for a fid of a top-gallant maft of that ftip. Ih 1803, 
the top-gallant mafts of the Defence* of 74 guns, were fitted 
on tliis principle by Mr. Seppipgs : and, from repeated trials, 
ftnee (he has been cruizing in the North Sea, the wedge fids 
have been found in every refpeft to anfwer. 

But jt is Mr. Seppings’s with that it (hoqld be underftood, 
that the idea of applying this invention to the fid of a top- 
gallant maft originated with Capt. Wells, who well under- 
ftood the principle, and had received from him a model of th$f 
invention. 

When it is required to ftrike a top-gallant msjft, the top 
ropes are hove tight, and the pin which keeps the horizontal 
wedges it» their place, is taken out, by one ih&n going aloft 
for that purpofe ; the other horizontal wedge is worked in the 

M. 
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M, » ftiomv m the drawing and model that accompany (his 
frafteinetil. The upper part 6f the fid hole is cut to form the 
terficot wedge. The advantage derived from lidding top- 1* can 
gallant mads in thfe Way is, that they can be druck at the ^ ickinfit ^ e 
Ihorteft notice, and without fktoktng the riggings which is n&ging. 
frequently the caafe of fp ringing knd carrying them away, 
particularly thole with long pote heads. The angle of the 
feori2onta! wedges fbt the fids of mafts fhould be about twenty 
degrees. 

The above Account was accompanied with Certificates Certificates# 
from Sir John Henflow, Surveyor of the Navy; Mr. M. 

Didram# reader- (hip wright of Portfmouth-Yard ; and Mr. 

John Carpenter, foreman of Sheerpefs Dock-yard, confirming 
Mr. Seppirrgs 9 s datement. 

Btfercncf to the Engraving qf Mr . Seppings’s method qf obviating 
the neerffity qf lifting Ships . Plate X I. 

This plan and fe&ion of a feventy-four gun fliip deferibes Defcripdoo to4 
(he method of pbviating the neceflity of lifting (hips, when ^ c< 
(here ipay be occafion to put additional falfe keels to them, 

.or to make good the imperfedtions of thofe already on ; atfb 
when it may be neceflary 16 Caulk the garboard Teams, fcarples 
(the keel. &c. by which means a very confiderable part of the 
e*penfe will be faved, and much time gained*. The blocks 
pre cleared, and again returned by the following procefs. A 
fufficiept number of fhores are placed under the (hip to fadain 
her weight, and fet taught, dationed as near the keel as 
the working pf the battering-rams fore and aft will admit. 

Avoid placing apy oppoute the blocks, as they would in that Initru&ions# 
cafe hinder the return of the wedges with the battering-rams. 

A blow mud then be given forward on the outer end o t the 
iron wedges with the battering-rams in a fore and aft direc- 
tion, which will caufe them to Aide aft, as (hown in the plan. 

The battering rams abaft then return the blow, ancf the 
Wedges again cpme forward ; by the repetition of this opera- 
tion, the wedges will be with great eafe cleared, and the 
angular block on the top will drop down. When the work 
is performed, the block mud be replaced under the keel, 
and the wedges driven back by working the rams alhwart- 
{hipSf as deferibed ip the fc&ion# 

‘ N. B. In 


Digitized by v^ooQle 



183 


METHOD OrOIVlAt0C, &C. T 

N. B. In returning the iron wedges, to avoid draining tho 
pngular blocks it i,s propofed to leave a few of tbeqa out* 
forward and aft, and flop the (hip up, by laying, on.e iron 
wedge on the other, (hown at Fig. I, PbiteXI. 

To facilitate the bufinefs, blocks may be ‘cleared forward 
pnd aft at the fame ijme, fufficient to get in place one length 
of falfe keel. If the falfe keel (hould want repairing, it may 
be done without any additional (bores, by clearing one block? 
at a time, and when the keel is repaired in the wake of th&t 
block, return the wedges, as above directed, and clear the 
pext, 8cc. 

Section and Plan , Plate XI. Fif*i 2. 

Parts of the a. Keelfon. 

*aiQna»d P l.n. B; Ceiling. 

C. Floor timber. 

D. Dead or riling wood/ 

E. Plank of the bottom^ 

F. Keel and falfe keel. 

G. Angular blocks with a half-inch iron-plate bolted to them, 

H. Caft-iron wedges. 

I. Iron plate of three-fourlhi of an inch thick oh the bottom 
of the dock. 

K. Battering-rams, with wheels, and ropes for the hands. 

Jj. Cad-iron wedges, having received a blow from forward. 
M. Shores under the (hip to fufiain her weight. 

Fig. 3, reprefents part of a top-gallant mad fitted with p 
wedge fid. 

a . Top-galfant mad. 

b. Fid, with one horizontal wedge worked on it. 

c. Moveable wedge, with the iron ftrap and pin over it, tp 
keep it in its fituatioc. 

d. Trufiei trees* 


VII. On 
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VII. 


0« mujbular Motion . By Anthony Carlisle, tfy, F. R. $. 
being the Croonian Lecture, read btfore the Royal Society, 
November 8, 180I-, 

Animal pli) fiology has derived feveral illuftrations and 
additions, from the inftitulion of this leXure on * mufcular 
motion ; and the details of anatomical knowledge have been 
confiderably augmented by deferiptions of mufcular parts 
before unknown. 

Still, however, many of the phenomena of mufcle* remain 
Unexplained, hor is it to be expeXed that ahy l'udden infulat- 
ed difeovery (hall folve fuch a variety of complicated appear- 
ances. 

Mufcular motion is the firft fenfible operation of anima] 
life : the varioos combinations 6f it fuftain and carry on the 
multiplied fundiotts of the larged animals: the temporary 
cefiktion of this motive faculty is the fufpeniion of the living 
powers, its total quiefcence is death. 

By the continuance of patient, well directed refearches, it is 
reafonable to expeX^ihuch important evidence on this fubjeX 
and, from the improved hate of collateral branches of know- 
ledge, together with the addition of new fources, and methods 
Of inveftigation, it may not be unreafonable to hope for an 
ultimate folution df thefe phenomena, no lefs complete, 
and confident, than that of arty other defideratum in phy fieri 
fcidnee. 

The pfefent attempt to forws^d fuch defigns is limited to 
Oircumftances wKicIf a re connected with mufcular motion, con- 
fidered as caufes, or rather as a feries of events, all of which 
Contribute, more or lefs, as conveniences, or eflential requi- 
fites, to the phenomena; the details of mufcular applications 
being diftinX from the objects of this leXure. 

No fatisfaXory explanation has yet been given of the ftate 
Ur changes which obtain in mofcles during their corilraXions 
or relaxations, neither are their correfponding connexions 
*ith the vafcular, refpiratory, and nervous fyftems, fufliciently 
traced. Thefe fttbjeXs are therefore open for the prefent en- 
quiry, and, although I may totally fail in this attempt to elu- 
cidate 


Introdu&ioa. 


Mufcular mo- 
tion. 


Neither the 
changes in 
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action, nor tl\pir 
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have been ex- 
plained. 
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The mufcle it- 
£clf is fibrous* 


The enveloping 
membrane is 

tU Mm. 


Mu&tef «e Ir- 
ritable daring 

me. 


The? have lefs 

■* cohchon length- 
ways when 
dead. 

Experiment in 
proof* 


reported. 


cidate any one of the fubjeds propofed, neverthelefs I (hall 
not efteem my labour ufelefs,4>Mhe time of the Royal Society 
altogether ynprofitably confumed, if I fucceed jn pointing out 
the way to the future attainment of knowledge fo deeply in- 
lerefting to mankind. 

The mufcular parts of animals are mod frequently com- 
pofed of many fubftances, in addition to thofe which are purety 
mufcular* In this grots (late, they conflitute a flexible, com- 
preflible (olid, whofe texture is generally fibrous, the fibre? 
being compared into fafciculi, or bundles of various thicknefs, 
Thefe fibres are elaflic during the contra&ed (l?te of nuifcle* 
after death, being capable of extenfion to more than one-fifth 
of their length, and of reluming again to their former ftale of 
contra&ion. 

This elafticity, however, appears to belong to the enveloping 
reticular or cellular membrane, and it jpa/ be (afely aflymed 
that the jntrinfic matter of rimiTcle is not e)a(Iic. 

The attradion of cobeiion, in f hp pacts of tpufcle, is Arong eft 
in the diredion of the fibres, it being double that of the eonr 
trary, or tranfverfe dire&itSn* 

; When mufcles are capable of reiterated contradions and 
relaxations, they are faid to be alive, or to pofTefs irritability. 
This quality fite the organ for its fundions. Irritability will be 
confidered, throughout the prefent ledure, as a quality only* 
When mufcles have ceafed to bp irritable# their cohefive 
attradion in the diredion of their fibers is diminifbed, but it 
remains unaltered in the tranfverfe diredion* 

The hinder limbs of a frog attached to the pelvis befiig 
(tripped of the (kin, one of them was immerfed in water at 
1U° of Fahrenheit, during twfo minutes, when it ceafed (9 
be irritable. The thigh bones were broken in the middle* 
without injuring the mufcles, and a (bale affixed to the ancle 
of each limb: a tapepaffed between the thighs was employed 
to fulpend the apparatus. Weights were gradually introduced 
into each lcale, until, with five pounds avoirdupois, the dead 
thigh was ruptured acrofs the flefhy bellies of its mufcles* 

The irritable thigh fufiained fix pounds weight avoirdupois, 
and was ruptured in the fame manner. This experiment was 
repeated on other frogs, where one limb had been killed by a 
watery Motion of opium, and on another where eflential oil 
/ of 


J 


Digitized by v^ootfle 



OK MUSCULAR MOTIQK. lfll 

of cherry laurel f was employed : in each experiment, (he 
irritable Jimb fuflained a weight one-fixib heavier than the 
<j*ad limb . 

It may be remarked, in confirmation pf there experiment*. The fame doc- 
that whep mufcles afl more powerfully, or more rapidly, than {^e^as inthe 
is equal to ihe fliengtb of the fuflaining parts, they So not living fubjeO* 
afually rupture their flefhy fibres, but break their tendons, or 
even an intervening bone, as in the infl^nc^s pf ruptured tend# 

♦chillis, and frpflured patella. Infiances have however ec^ 
corred, wherein (he flefhy bellies of mufejes have been 
lacerated by fpaftnodic actions; as in tetanus the reflj abdo- 
minis have been torn afqnder, and the gastrpcnetPM in cramps 
but in thofe examples it fee ms that either tbe anlagonifts pro r 
duce the effect, or the over-etcited parts tear the left excited 
in the fame mufcle. From whence it may be inferred, that tbe 
aUra&ion of cohefion in the matter of mufcle is confiderably 
greater during the act of contracting, than during the paffive 
fiate of tone, or irritable quielcence, a fafl which has been 
always aflumcd by anatomifU from (he determinate forces 
which mufcles exert. 

Tbe mufcular parts of different clafies of anim^fe vary ip Difference! 
colour and texture, and not unfrequently thofe variations occur 

r . , the colour, tea* 

in the fame individual. ture, Ac. of 

The mufcles of fillies and vermes are often cdoarlefs, mufcular parts, 
liiofe of the mammalia and birds being always red ; the am- 
phibia, the accipqofer, and fqualus genera, have frequently 
both red and colou riel's mufcles in the fame animal. 

Some birds, as the black game +, have the external pe floral * 
mulcles of a deep red colour, whild the internal are pale. 

in texture, , the fafdculi vary in thickpefs, and the reticular 
membrane is in fome parts coarfe, and in others delicate : tbe 
heart is always compacted together by a delicate reticular 
membrane, and the external glutxi by a coarfer fpecies. 

An example of the origin of mufcle is prefentad in the Origin of muftis # 
hiftory of the incubated egg, but whether the rudiments of punAum fallens 
the punflom (aliens be part of tbe cicatricula organifed by the 
parent, or a firuflure reiulting from the fii£t procefs of incu- 
bation, may be doubtful : the little evidence to be obtained on 
this point feems in favour of the former opinion ; a regular 
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confirmation of which would improve the knowledge of animat 
generation by (hewing that it is gemmiferous. There are fuf- 
ficient analogies of this kind in nature, if reafoning from 
analogies were proper for the prefent occafion. 

The pundum faliens, during its fir ft adtions, is not encom- 
pafTed by any fibres dilcoverable with roicrofCopes, and the 
vafcular fyftem is not then evolved, the blood flowing for- 
wards and backwards, in the lame veflels. The commence- 
ment of life, in animals of complex ftrudture is, from the 
preceding- fadt, like the ultimate organization of the (impler 
dalles. 

Mufcfes of birds It is obvious that the mufcles of birds are formed out of the 
oTthTalbumen acumen ovi, the vitellus, and the atmofpheric air, adted upon 
with a fmall by a certain temperature. The albumen of a bird’s egg is 
andai^f^fluSd 3 confumed during incubation, and the vitellus little di 

mini (bed, proving that the albumen contains the principal 
elementary materials of the animal thus generated ; and it 
follows that the mufcular parts, which conftitute the greater 
proportion of fuch animals when hatched, are made out of the 
albumen, a fmall portion of the vitellus, and certain elements, 
or fmall quantities of the whole compound of the atmofphere. 
and they do not The mufcles of birds are not different, in any relpedt, from 
otSemammaUju quadrupeds of the clafs of mammalia. 

The anatomical ftrudlure of mufcular fibres is generally 
complex, as tbofe fibres are connected with membrane, blood* 
yeflels, serves, and lymphaedu&s ; which feem to be only 
appendages of convenience to the eflential matter of raufcle. 

A mufcular fibre, duly prepared by wafhing away the ad- 
hering extraneous Jubilances, and expofed to view in a power- 
ful microfcope, is undoubtedly a folid cylinder, the covering 
of which is reticular membrane, and the contained part a pulpy 
fubftance irregularly granulated ? and of little cohefive power 
when dead. 

A difficulty has often fubiifted among anatomifls concerning 
the ultimate fibres of nuilcles; and, becaufe of their tenuity# 
feme perfons have confidercd them infinitely divifible, a 
political which may be contradicted at any time, by an hour’s 
labour at the microfcope. 

The arteries arborefce copioufly upon the reticular coat of 
the mufcular fibre, and in warm-blooded animals theie velTels 
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«re of fufficient capacity to adroit the red particles of blood, 
bat the intrinfic matter of mufcle, contained within the ultimate 
cylinder, has no red particles. 

The arteries of muicles anaftomofe with correfponding 
reins ; but this courfe of a continuous canal cannot be fup- 
pofed to a& in a dired manner upon the matter of mofcle. 

The capillary arteries terminating in the mufcular fibre 
mutt alone effed all the changes of increafe in the bulk, or 
number, of fibres, in the replenithment of exhauffed materials, 
and in the repair of injuries; forae of thefe neceffi ties may be 
fuppofed to be continually operating. It is well known, that 
the circulation of the blood is not eflential to mufcular adion ; 
lo that the mode of diftribution of the blood veffeis, and the 
differences in their fize, or number, as applied to mufcles, can 
only be adaptations to fome fpecial convenience. 

Another prevalent opinion among anatomifts, is the infinite VafcuUrity it 
extenfion of vafcularity, which is contradicted in a dited bat 

manner by comparative researches. The feveral parts of a limited, 
quadruped are fenfibly more or lefs vafcular, and of different 
contextures ; and, admitting that the varied diameter of the 
blood veffeis difpofed in each fpecies of fubffance, were to be 
conftt luted by tbe grofs fenfible differences of their larger 
veffeis only, yet, if tbe ultimate veffeis were in all cafes 
equally numerous, then tbe foie remaining caufe of dilfimi- 
larity would be in the comparing of the veffeis. The vafa 
valorem of the larger trunks furnifh no reafon, excepting that 
of a loofe analogy, for the fuppofition of vafa vaforum ex- 
tended without limits. Moreover, tbe circulating fluids of all 
animals are compofed of water, which gives them fluidify, and ' 
of animallzed particles of defined configuration and bulk ; it 
follows that the veffeis through which fuch fluids are to pafs, 
muff be of (efficient capacity for the fize of the particles, and 
that (mailer veffeis could only filtrate water devoid of fuch 
animal particles : a pofition repugnant to all the known fads 
of the circulation of blood, and the animal economy. 

The capillary arteries which terminate in the mufculai fibre. Capillary 
muff be fecretory veffeis for depofiting the mufcular matter, 
the lymphaeduds ferving to remove the fuperflaoos ex trava- 
iled watery fluids/ and the decayed fubffances which are 
unfit for ufe. 

. Vol. XI.— July, 1805. O The 
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The lyaophmdnds are not fo numerous as the blood veflete* 
and certainly do not extend to every mufcular fibre: they 
appear to receive their contained fluids from the interfticial 
/paces formed by the reticular or cellular membrane, and 
not from the proje&ing open ends of tubes, as is generally 
repre fented. This mode , of receiving fluids out of acellulqr 
tfiru&ure, and conveying them into cylindrical veflels, is ex* 
amplified in the corpora cavernofe, and corpus fpongiofuit* 
f>ents, where arterial blood is poured into cellular or. reticular 
cavities, and from thence it paffcs into common veins by the 
gradual coarctation of the cellular canals. 

In the common green turtle, the ladeal veflels universally 
•rife from the loofe cellular membrane, fit ua ted between ibc 
internal fpongy coat of the inlefiines and the mufcular coaU 
The cellular ftru&ure iriay be tilled from the la&eals, or the 
ladeaU from the cellular cavities. When inje&ing the fmaller 
branches of the lymphaedu&s retrograde in an (edematous 
human leg, I faw, very diftin&ly, three orifices of thefe veflels 
terminating in the angles of the cells, into which the quick- 
silver trickled. The preparation is preserved, and a drawing of 
the appearance made at the time. It wasalfo proved, by many 
experiments, that neither the lymphoedu&s, nor the veins, 
have any valves in their minute branches. 

The nerves of voluntary mufcles feparate from the fam* 
bundles of Abrils with the nerves which are diftriboted in the 
ikin, and other parts, for fenfalion ; but a greater proportion 
of nerve is appropriated to the voluntary mufcles, than to any 
other fubflauces, the organs of the fenfes excepted. 

The nerves of volition all arife from the parts formed by 
(he junction of the two great roafles of the brain* called the 
Cerebrum and Cerebellum, and from the extension of that 
fobflance throughout the canal of the vertebrae. Another 
clafs of mufcles, which are not fubjelt to the will, are fupplied 
by peculiar nerve** they are much fmaller, in proportion to 
the bulk of the parts on which they are diftributed, than thole 
of the voluntary mufcles; they contain lets of the white 
opaque medullary fubftance than the other nerves, and unite 
their fibrils, forming numerous anaflomofes with all the other 
nerves of the body, excepting thofe appropriated to the organs 
qf the fenfes. There are enlargements at feveral of thefe 
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Jotidions, colled Ganglions* and which are cofopofed of a lefsOangliooi* 
proportion of the medullary fubftanee, and their texture Is 
firmer than that of ordinary nerves* 

The terminal Extremities of nerves have been ufually con- The esutaifa 
fiderfed of unlimited extenfion ; by accurate difie&ion how-^^f^ ”*** 
ever, and the aid. of magnifying giaftef, the extreme fibrils dlttroamdoo. 
nerves are eafily traced as far as their fentible properties* anti 
their continuity extends. The fibrils ceafe to be fubdivided 
whllft perfectly vifible to the naked eye, in the voluntary 
xnafdes of lafrge animals, and the fpaces they occupy upon 
fuperficies where they feem 16 end, leave a remarkable excefe 
of parts unoccupied by thofe fibrils. The extretne fibrils of 
tserves lofe their opacity, the medullary fubftanee appears foft 
and tranfpercat, the enveloping membrane becomes pel! acid, 
staid the whole fibril is deftitule of the tenacity nebeflary to 
pftefcfve its own drftta&nefs ; it feem* to be diffiifed and 
mingled with the fubftances in which it eods. Thus the ulti* 
mate terminations of nerves for volition, and ordinary fenfaCton, 
appear to be in the reticular membrane, the common covering 
of all the different fubftances in an animal body, a Ad the con* 
acting medium of all diffimilar parts. 

By this ftmple difpofitiori, the medullary fubftanee of nerveDi^ufiooof oer^ 
is fpread through all organized, fenfible, or motive parts** 0 ®* 
forming a continuity which is probably the occnflon of fym- 
pathy. Peculiar nerves, fuch as the firft and fecond pairs* 
and the portio mollis of the ieventh, terminate in an expanfe 
of medullary fubilance which combines with other parts and 
membranes, Hill keeping the fenfible excefs of the peculiar 
medullary matter. 

The peculiar fubftance of nerves muft in time become inefrkeftoratioe or 
ficient ; and, as it is liable to injuries, the powers of reftoration*"*"* nemf * 
and repair, are extended to that material. The re-onion of 
nerves after their divifion, and the reprodudioo after part of a 
nerve has been cut away, have been eftablifhed by decifiv* 
experiments. Whether there is any new medullary fubftance 
employed to fill up the break, and, if fo, whether the new 
fubftance be generated at the part, or protruded along the 
nervous theca from the brain, are points undetermined : the 
hiftory of the formation of a foetus, the ftrufitore of certain 
monfters, and the organization of fimple animals, all feem to 
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favour the probability, that the medullary matter of tierVes is 
formed at the parts where it is required, and not in the prin* 
cipal feat of the cerebral medulla. 

•Whether the This dodrine, clearly eftablifbed, would lead to the belief 
bf not: of a very extended commixture of this peculiar matter in all 

lively mixed in the fenfible and irritable parts of animals, leaving the nerves 
ail irritable parts. j n their limited diftribulion, the fimple office of conveying ira- 
preffions from the two fentient mattes with which their ex- 
tremities are conneded. The raoft fimple animals in whom 
no vifible appearances of brain or nerves are to be found, and 
no fibrous arrangement of roufcles, may be confidered of this 
defcription: Mr. John Hunter appeared to have had foroe 
incomplete notions upon this fubjed, which may be gathered 
from his reprefen tation of a materia vitrn in hisTreatife on the 
<£lood, & c. Perhaps it would be more proper to diftinguiffi 
the peculiar matter of mufcle by fome fpecific term, fuch, for 
example, as materia contra&ilis. 

Peculiar adapts- A particular adaptation for the nerves which fupply the 
warre* ofeledric e ^ r * ca ^ batteries of the torpedo, and gymnotus, is obferv&bfe 
animals , -on the exit of each from the fkull ; over which there is a firm 
cartilage ading as a yoke, with a mufcle affixed to it, for the 
obvious purpofe of compreffion: fo that a voluntary mufcle 
probably governs the operations of the battery. 

The matter of the nerves, and brain, is very fimilar in all 
/ the different daffies of animals. 

The external configuration of animals is not more varied 
than their internal ftrudure. 

Configuration * The bulk of an animal, the limitation of its exiftence, the 
the various** mec ** um * n which it lives, and the habits it is defiined to 

ciafes of ani- purfue, are each, and all of them, fo many indication? of the 

md*. • complexity or fimpiicily of their internal ftrudure. It is 
notorious that the number of organs, and of members* is varied 
in all tbe different daffies of animals ; the vaicular and nervous 
fyfiems, the refpiratory, and digefiive organs, the parts for 
procreation, and the inftr uraents of motion, are feverally varied. 


Very fimple ani- and adapted to .the condition of the fpecies. This modification 
****** of anatomical ftrudure is extended in the lowest tribes of ani- 


mals, until the body appears to be one homogeneous fubfiance. 
The cavity for receiving the food is indifferently the internal, 
or external furface, for they may be inverted, and ftil! con- 
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finue to digeft food ; the limbs or tantacula may be cut off, 
and they will be regenerated without apparent inconvenience 
to the individual : the whole animal is equally fenfible, equally 
irritable, equally alive: its procreation is gemmiferous. Every 
part is pervaded by the nutritious juices, every part is a6ted 
upon by the refpiralory influence, every part is equally capa- 
ble of nH>tion« and of altering its figure in all dire&ions, 
whilft neither blood- veflels, nerves, nor mufcular fibres, are 
difcoverable by apy of the modes of inveftigation hitherto 
inftituted. 

From this abfiraft animal (if fuch a term may be admitted) *n 
up to the human frame, the variety of acceflory parts, and 
organs by which a complicated machinery is operated, exhibit 
infinite marks of defign, and of accommodations to the pur- 
pofes which fix the order of nature. 

In the more complicated animals, there are parts adapted In more . 
for trivial conveniences, much of their materials not being of " 

alive, and the entire offices of fome liable to be difpenfed lhc,r material* 
with. The water transfufed throughout the interfticial fpaces** not allvc * 
of the animal fabric, the combinations with lime in bones, 

(hells, and teeth; the horns, hoofs, fpines, hairs, feathers, 
and cuticular coverings, are all of them, or the principal 
parts of their fubftance, extra-vafcular, infenfible, and un- 
alterable by the animal functions after they are completed. I 
have formed an opinion, grounded on extenfive oblervation, 
that many more parts of animal bodies may be confidered 
as inanimate fubftance* ; even the reticular membrane ilfelf 
fee ms to be of this clafs, and tendons, which may be the con- 
denfed Hate of it ; but thefe particulars are foreign to the 
prefent occafion. 

The deduction now to be made, and applied to the hiftory that animat^ 
of mufcular motion, is, that animated matter may be connected ™nn^Td wkh 
with inanimate; this is exemplified in the adhefions of the inanimate, 
muicles of multi-valve, and bi-valve (liell fi(h, to the in- 
organic (hell, the cancer Bcrnhardus (o the dead (hells of 
other animals, and in the tranfplantation of teeth. All of 
which, although fomewbat contrary to received opinion, 
have certainly no degree of vafcularity, or vital connexion 
with the inhabitant ; thefe (hells being liable to tranfudation* 
pf cupreous falts and other poifonous fubftances, whilft the 
animal remains uninjured. A variety of proofs to the fame 

effect 
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oflfelt might be adduced, but it would be difrefpeltful to 
to this learned body to urge any farther ill u ^rations on a fubjed 
fo obvious 

DWlfioo of the Th e effects of fubdivifion, or comminution of parts among 
itahieftroys the the complicated organized bodies, is unlike that of mineral 
conformation j bodies: in the latter inftance, the entire properties of the fub- 
(lance are retained, however exlenfive the fubdivifion ; in the 
former fubftances, the comminution of parts deftroys the 
eflfential texture and competition, by feparating the grofs 
arrangements of ftrulture upon which their fpecific properties 
"Lnt left the mart depend. Ffom fimilar catsfes it teems to arife, that animals 
Jmpk the ftmc- Q f m j n qt c bulk are neceflarily of fireple ftrulture: fist alone 
is not, however, the foie caufe of their fimple organization, 
becaufe examples are futficienlly numerous wherein the animal 
attains confiderable bulk, and is of fimple (irudure, and rice 
verfd j but, in the former, the medium in which they live, and 
the habits they affume, are fuch as do not require extenfive 
appendages, whilft the fmaller complex animals are defined to 
more difficult, and more active exertions. It may be a (Turned 
however, as an invariable pofition, that the minuleft animals 
are all of fimple organization. 

Upon a fmall fcale, life may be carried on with fimple ms* 
terials; but the management, and provifions for bulky animals, 
fimple materials ; yvith numerous limbs, and variety of organs, and appendages 
bulky animals of convenience, are not effected by fimple apparatus; thus, the 
(keleton which gives a determinate figure to the fpecies, flip- 
ports its foft parts, and admits of a geometrical motion, is 
placed interiorly, where the bulk of the animal admits of the 
bones being fufficiently ftrong, and yet light enough for the 
moving powers ; but the (keleton is placed externally, where 
have them with- body is reduced below a certain magnitude, or where the 
movements of the animal are not to be of the floating kind : in 
which laft cafe the bulk is not an abfolute caofe. The examples 
of tefiaccous vermes, and coleopterous, as well as mod other 
infelts, are univerfally known, 

The opinion of the mufcularily of the cryftalline lens of the 
eye, fo ingenioufly urged by a learned member of this Society, 
is probably well founded; as the arrangement of radiating lines 
of the matter of mufcle, from the centre to the circumference 
of the lens, and thefe compacted into angular made*, would 
produce fpecific alterations in its figure, 
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*This rapid (ketch of the hiftory of mufcalar ftro&tire has 
keen obtruded before the Royal Society to introduce the prin- 
^ipa! experiments, and reafonings which are to follow : they 
are not ordered with fo much exa&nefs as becomes a more 
deliberate effay, bat the intention already ftated, and the limits 
of a le 61 une are offered as the apology. 

Temperature has an eflential influence over the actions of Temperature of 
mufcles, but it is not neceflary that the fame temperature mufcJc ** 
ihoald fubfift in all mufcles during their a&ions.; neither is it 
eflential that all the mufcular parts of the fame animal fhould 
be of uniform temperatures for the due performance of the 
Inotive functions. 

It appears that all the clades of animals are endowed with All animals do 
feme power of producing thermometrical heat, fiiice it has*”* 0 ** heil * 
been fo eftablifhed in the amphibia, pices, vermes, and infeda, 
by Mr. John Hunter; a fad which has been verified to my 
own experience ; the term •* cold-blooded” is therefore only 
relative. The ratio of this power is not, however, in thefe 
examples, fufficient to preferve their equable temperature in 
cold climates, fo that they yield to the changes of the at- but are alio af- 
rnofphere, or the medium in which they reiide, and moft 
them become torpid, approaching to the degree of freezing tion. 
water. Even the mammalia, and aves, poflfefs only a power . 
of refilling certain limited degrees of cold ; and their furfaces, 
as well as their limbs, being diflant from the heart, and prin- 
cipal blood-veflels, the mufcular parts fo iituated are fubjeft 
toconfiderable variations in their temperature, the influence of 
which is known. 

In thofeclalTes of animals which have little power of gene- The colder am- 
rating heat, there are remarkable differences in the ftru&ure m ^ ## 
of their lungs, and in the compoiition of their blood, from the 
mammalia and aves. 

Refpiration is one of the known caufes which influences the Refpiration : its 
temperatures of animals: where thefe organs are extenfivc, on^her^are^* 
the refpirations are performed at regular intervals, and are not perature $ 
governed by the will, the whole mafs of blood being expofed 
to the atmofphere in each circulation. In all fuch animals 
living without the tropics, their temperature ranges above the 
ordinary heat of the atmofphere, their blood contains more of 
the red particles than in the other clafTes, and their mufculat 
irritability ceafes more rapidly after violent death. 

The 
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The refpirations of the animals denominated 99 cold-blooded/* 
are effe&ed differently from thofe of high temperature ; in 
fome of them, as the amphibia of Linnaeus, the lungs receive 
atraofpheric air, which is arbitrarily retained in large cells, and 
not alternately, and frequently changed., The fifties, and the 
leftaceous vermes, have lungs which expofe their blood la 
water, but whether the water alone* or the atmofpheric air 
mingled with it, furnifti the changes in, the pulmonary blood* 
is not known. « 

In moft of the genera of infers* the lungs are oborefeent 
tubes containing air, which* by thefe channels, is carried to 
every vafcular part of the body* Some of the vermes of the 
Ampler conftru&ion have no appearance of diftindt organs, but 
the refpiratory influence is neverthelefs eflential to their ex- 
iftence, and it feeros to be effedted on the furface of the whole 
body. 

In all the colder animals, the blood contains a fmailer pro- 
portion of the red colouring particles than in the mammalia, 
and aves ; the red blood is limited to certain portions of the 
body, and many animals have none of the red particles. 

The following animals were put into feparate glafs veflels, 
each-filled wilh a pound weight of dialled water, previoufly 
boiled to expel the air, and the veflels inverted into quickfilver; 
yiz. one gold fifti, one frog, two leeches, and one frefti- water 
raufcle.* .Thefe animals were confined for feveral days, and 
expofed in the fun in the day-time, during the monlh of 
January, the temperature being from 43° to 48°, but no air 
bubbles were produced in the vefleis, nor any fenflble dimi- 
nution of the waler. The frog died on the third day, the fiib 
on the fifth, the leeches on the eighth, and the fre(h- water 
mufcle on the thirteenth, This unfuccefsful experiment was 
made with the hope of afeertaining the changes produced in 
water by the refpiration of aquatic animals, but the water had 
not undergone any chemical alteration. 

Animals of the clafs mammalia which hibernate, and become 
torpid in the winter, have at all tiroes a power of fubfifting 
under a confined refpiration, which would deftroy other ani- 
mals not having this peculiar habit. In all the hybernating 
mammalia there is a peculiar ftru&ure of the heart, and its 
principal veins; the fuperior cava divides into two trunks; 
the left, pafling over the left auricle of the heart, opens into. 

* Mjtilus Anafinus . 
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the inferior part of the right auricle, near to the entrance of 
the vena cava inferior. The veins ufually called azygos, 
accumulate into two trunks, which open each into the branch 
of the vena cava fuperior, on its own tide of the thorax. The 
intercoflal arteries and veins in thefe animals are unufually 
large. 

This tribe of quadrupeds have the habit of rolling up their Their haKt aa4 
bodies into the form of a ball during ordinary deep, and they 
invariably aflu me the fame attitude when in the torpid ftate : the torpid ftate, 
the limbs are all folded into the hollow made by the bending 
of the body ; the clavicles, or firft ribs, and the fternum, are 
prefled againft the fore part of the neck, fo as to interrupt the 
flow of blood vfrhich fupplies the head, and to comprefs the 
trachea: the abdominal vifeera, and the hinder limbs are 
polhed againft the diaphragm, fo as to interrupt its motions, 
and to impede the flow of blood through the large velTels 
which penetrate it, and the longitudinal extenfionof the cavity 
of the thorax is entirely obrtrufted. Thus a confined circu- 
lation of the blood is carried on through the heart, probably 
adapted to the laft weak actions of life, and to its gradual 
recommencement. 

This diminithed refpiratibn is the firft flop into the ftate of The manner « 

torpidity; a deep fleep accompanies it; refpiration then ceafes wh,cfl that ftate 
. r ' / . r • i - ' • commence! ao4 

altogether ; the animal temperature is totally deftroyed, cold- is afterwards 

nefs and infenfibflity take place, and finally the heart concludes 
its motions, and the mufeies ceafe to be irritable. It is worthy 
of rexnaijc that a confined air, and a confined refpiration, ever 
precede thefe phenomena : the animal retires from the open 
atmofphere, his mouth and noftrils are brought into contact 
with his cheft, and enveloped in fur ; the limbs become rigid, 
but the blood never coagulates during the dormant ftate. On 
being roufed, the animal yawns, the refpirations are fluttering, 
the heart a&s flowly and irregularly, he begins to ftretch out 
his limbs, and proceeds in queft of food. During this dor- 
mancy, the animal may be frozen, without the deftru&joti 
of the mufcular irritability, and this always happens to the 
garden fnail* , and to the chryfalides of many infefls during 
the winter of this climate. 

1 (Tfte conclufion in our next.) 

. * Helix nemoralis . 
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Dcjbription of a Boring Tube , in general life in America ; bat 
left known in this C pun try. 

Fig. 2. JYafe X. exhibit a. very (imple and ingenious borer, 
confiding of the common center bit of the carpenters followed 
by a wide flat thread fcrew, hammered up from a plate of iron 
or deel. It is laid that they are ufed to bore holes feveral feet 
in length, and the peculiar property poflfeifrd by this indru- 
ment is, that it clears tire cutting without requiring to be drawn 
out, as is the cafe with the augur, the gimblet, and other fimi- 
lar tools. I do not, however, think that it would have thi$ 
effe6t in boring perpendicularly down to confiderable depths $ 
but for horizontal or (lightly inclined holes, its etTedl mud fully 
anfwer. 

It may not at fird occur to the reader why the introduction 
of this tool into a hole which mud contain the wood that for. 
merly blocked it up, fliould not be attended with fome degree 
of impediment or jamming; but this difficulty will vanifh, 
when it is confldered that the cuttings are, partly by their 
weight, and partly by friction againd the internal cylindrical 
furface, prevented from revolving along • $vith the fcrew*. 
The confequence is that they are preffed againd its thread, 
and Oide along it towards the handle. And as this motion or 
/hiding of the thread is quicker than the motion of boring, by 
which the whole tool is carried inward^, the cuttings mu ft 
come out with a velocity nearly equal to tne difference of thefe 
two motions. 


Crete vatu e of 

topographical 

knowledge. 


IX. 

Geographical and, Topographical Improvements. By John 
Churchman, Eflj. M. Imp. Acad, of Sciences, Peterjl 
burgh.* 

It appears to be a matter of much importance to the people 
of any country, at all times, whether in wai; or peacei to pof- 

* From the Tranf. of the Soc. of Arts for 1804, who voted the 
filvet medal to him for the fame. 
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GEOGRAPHICAL AND TOPOGRAPHICAL IMPROVEMENTS* ^ 

left a complete knowledge of its furface. In war, fuch know- 
ledge is abfokitely neceflary for defence; in peace, for im- 
proving the country to the beft advantage. 

Now, fince geography may be* improved, an eafy and ac- Utility of a cor. 
curate method to lay down maps of mountainous countries 
and hilly efiates, will perhaps prove ufeful, as it will fbow at 1 
a (ingle view the true (hape and comparative height of the 
ground without the art of painting. 

As mountains are apt to eclipfe each other, a perfpe&ive Mountains cat* 
view is feldom very exten five, the rules of which (all (horljj^^^^ 
of giving an accurate idea of any hilly country; becaufc fuch fpe&ive. 
a view, though ftridtly true in one particular place, is not f<) 
in any other. The altitudes of mountains appear in proportion 
to the diftance from the eye, and no rule in geometry has been 
found fufficient to determine difiances from any (ingle fiation* 

Neither can a bird’s-eye view of an efiate afeertain the depth 
oY valleys or the height of mountains. But the method here 
propofed will be found equally capable of giving the true lhape 
of any ground above or below water. It may be fuccefsfully 
applied.Jo fea charts, and will prevent much confufion, arifing 
from the tedious method of difiinguifiiing foundings by a mul- 
titude of figures. 


Explanation . 

Sappofe a full defeription is required of any Uland in Ihe New method* 
ocean. Firfi, let an accurate map be laid down in the com- Make * 8®od 
mon way; and let the perpendicular height between the high- 
eft point of land and the ocean be divided into any number of°f higheft de- 
equal parts. Suppofe thefe equal divifions are 100, 200, 300, 

-400 feet above the low-water mark. From the different in elevation by* 
points of thefe feveral divifions, let horizontal lines be run n* tH 
with a good theodolite, and fpirit level Annexed, all round the theodolite 
the ifland. If the work is well done, each line will end where level from 
it began; and if the bearings and difiances of thefe feveral whidi^the 5 ** 
lines are truly laid down on ihemap, the crooked courfes of funre y he good* 
them will clearly fliow the (hape of the ground over which they terabyte?** 11 
paf5. For example : if any horizontal line pafTes by the fide Thefe lines bid 
of a fieep hill, it will incline towards the ocean, of approach 
the next horizontal line below it. When the fame line crofles of the country, 
a ftream of running water or a valley, it will naturally bend 
p£ the fide of the faid dream, until, it can crofs it without lofing 

tto 
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Trigonometrical 
ruk for the de- 
clivities* 


Advantages j 

—to military 
man. 


— «nd fordomef* 
tic and econo- 
mical purpofes. 


—to direft agri- 
cultural improve 
mems, 


the level ; or, in other words, it will bend towards the centre 
of the ifiand. Hence, by a little practice, the (hape of the 
feveral horizontal lines on the map will give as clear an idea to 
the mind, of the (hape of any country over which they pafs, 
as a fight of the country itfelf can convey to the eye • Blit to 
obtain a mathematical and true knowledge of the altitude and 
declivity of any part of the country, we have the following 
proportion : 

As the perpendicular height of any one horizontal line above 
another is to the radius : fo is the horizontal difiance between 
the horizontal lines meafured on the map at any particular 
place : to the co-tangent of declivity at that place. 

Note t ~~> If the horizontal difiance between any two horizon* 
tal lines on the map is equal to the perpendicular height of 
any horizontal line above another, the angle of altitude, or 
declivity, of any hill will be 45 degrees. 

The prefent improvement, which I believe to be entirely 
new, will be found to poflefs the following advantages : 

. 111. Military men are well acquainted with the many ad* 
vantages always to be gained from the c*a& representation of 
high grounds. By this method, we are able to give the angle 
of altitude, the angle of declivity, and perpendicular height 
of every hill ; likewife the comparative height of different 
hills, the befl route by which the high grounds may be gradu- 
ally afeended, and where heavy burthens can he drawn up 
with mod eafe. 

- 2dly. Experience has fufficiently (hovyn, that the inhabitants 
of low grounds are fubje£t to different kinds of fit knefs, from 
which thofe living at places elevated to a certain degree art? 
exempt. A map on this improved plan will point out the 
rood proper fitualion for building dwelling-houfes. It will be 
ufeful in botany, in difeovering or cultivating fome kinds of 
plants which ffourith beft at particular difiances above the 
level of the ocean. It will trace the line of vegetation on 
the tides of lofty mountains, whofe tops are covered u ith 
eternal fnow. 

- Sdly. Some high lands are known to produce good grain, 
“while low lands afford grafs more abundantly; but moft 

grounds produce good grafs, over which a moderate quantity 
of running water is conveyed. A plan of any country in thif 
way will (bow all the ground that can be irrigated ; where 

Water- 


Digitized by Google 



Geographical aBD topographical improvements. *20 5 

water- vforks may bd erected; where navigable canals may be 
cut; and where high- ways an d rail-roads may be laid out on 
the beft and moft level ground. . 

41hly. The Subterraneous treafures of the mineral and foffil 
kingdoms are generally found in firata; and if they are not 
truly horizontal they make a certain angle with the horizon* 

A map on this projection may enable the mineralogift to follow 
any one firaturo, at places even far difiant from each other. 

Problem. 

To find the true declivity of any piece of ground, in any map Example* com- 
laid down on the principles of the prefent plan. put6d ‘ 

Example \ft . for D. fie Plate IV. 


As the perpendicular height, 4 feet /- 

* 6 Q206 

Is 4o radius, 90? - *• «. 

10.00000 

So is the horizontal difiance, 4 feet 

60206 

- • 

10.60206 

To the co-tangent of the declivity, 45° 

- 10.00000 

Example 2 d. for B. 

As the perpendicular height, 4 feet 

60206 

Is to radius, 90° - - » 

10.00000 

So is the horizontal difiance, 8 feet 

- 90309 

To the co-tangent of the declivity, 26° 34' 

10.90309 

10.30103 

Example 3d. for C. 

As the perpendicular height, 4 feet 

60206 

Is to radius, 90 9 - 

I0.C0000 

So is the horizontal difiance, 1 8 feet 

1.25527 


11.25527 

To the co-tangent of the declivity, 12*32' 10.65321 , 

The annexed furvey, Plate IX. of a fraall lake and artificial A furvc T «- 
mountain in the garden of his Excellency Count de Strogonoflf, m^hod. 10 ^ 
near St. Peteriburgh, has been clofed by the tables of the dif- 
ference of latitude and departure, as follows ; 
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X. 


A Memoir on the refining qf Lead in the large Way . Containing 
Joint ReJUdioiu on the Inconveniencies rejulting from Cupels 
made qf AJhes ; with a new and (economical Method qf con - 
finding thofe Cupels . By Citizen DuHamkl,* 


JPlrocefs for re- 
fining lead. 
Cupels made of 

•fees. 


lari j obferva- 
tido that the 
oxide of lead 


EvERY one knows that in order to effect the reparation of 
filver from lead, a procefs called refining or cupellation it 
made ufe of, which 19 effected in a bafon called a cupel ; and 
it is likewife known that thi$ hafon is formed of the allies or 
incinerated remains of animal or vegetable fubftances, after 
depriving them by wafhing of what faline matter they may 
contain. 

The great quantity of wood afhes required for making thefe 
cupels, and the difficulty of procuring it, have long ago in- 
duced roe to feek for a more (irople and lefs expenfive means 
of forming thefe vefTels. 

The early chemifls having obferved that lead becomes ox- 
ided and converted into what is called litharge, when it is ex- 


penetrates che- 
mical vcflelj, 
while filver, if 
prefent, remaiat 
metallic. 


• This memoir is tranflated from the Memoirs of the French 
National Inftitute, Vol. HI. at the requeft of a correfpondent. 
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p ofed to fire with the contact of atmofpheric air, while the Gi- 
ver it may contain, preferves its metallic form ; it only re- 
mained for them to contrive a method of feparating thefe two 
metals. They were led to this method by obferving that the 
oxide of lead, in its (late of liquefe&ion eafily penetrates the 
fabftances with which it may be in contact, particular bone 
afhes, without deftroying the figure of the veflel made of that 
material. In fa €t there is no fubftance whatever which is 
better adapted to form the final! cupels for allaying. 

The difficulty* and often the impoffibility of procuring 
three or four bufbels of bone afhes in Germany, for each time ^ woo< 
of refining, has led to the adoption of the afhes of wood. Bui * r « fi* «- 
not to mention that thefe are of confiderable price, and not 
always to be had, they prefent another inconvenience, by cnees, 
often riling and floating on the furface of the lead. When this 
happens, the procefs muff fail; and it does happen as often 
as the allies are ill prepared, or the cupel not fufficientiy or 
irregularly beaten, or that the openings left for the evaporation 
of the humidity are not properly difpofed, or enough in num- 
ber, or clofed by a portion of the fcoriae upon which the floor 
is made to receive the afhes. This floor ought to be confiru&ed 
of (he mod porous bricks, in order that the water with which 
the afhes mud be wetted may penetrate them and evaporate 
into the bed of fcoria, and efcape through the opening at the 
bottom of the furnace. 

The eladicity of this aqueous vapour frequently caufes cx- 
plofions, which not only diforder the cupel, but even the ma- 
fonry of the furnace, if it be not properly conftrulted. 

In order to ascertain the proportion of diver in arty quantity Cnpeffing vi 
of lead, it is only neceflfary to pafs a few pennyweights into a 
(mall cupel of bone allies placed under the muffle of an aflay- 
er*s furnace; as the lead becomes oxided it is imbibed in (he 
cupel, and at length the phenomenon of brightening takes 
place upon the metallic button. This appearance fliews that 
all the lead is diflipated, and the remaining filver in a pure 
date. 

In the large way of refining, the fame objedl of feparating Refining in ifo 
the filver from the lead is aimed at, but the lead is not in- 
(ended (o penetrate into the cupel, which in fad is impra&i- die aftying pro- 
cable. For the total abforption of this metal would require a cc (* wherem th« 
much greater quantity of afhes, with the coafuroption of a ten°* wicilaWi,rke * r 
5 fold 
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Vefleli of cb y 
ufed in (melting 
lead* 


^Thefe are appli- 
cable to refining. 


It would be pre- 
ferable chat no 
absorption took 
place* 


Engfiih procefe. 
ix cons of lead 
are oxided with 
fcarcely any ab- 
fbipCioa* 


fold (jorlidiv of time and fuel $ betides which, the lof* in ro» 
covering the lead by fution of the cupel i? very expentive and 
the produd lefs confiderable than in the common way. The 
oxide of lead obtained in this lad method may be eafily fufed, 
and reduced if needtiil ; but it is an article of value in the 
arts, and therefore very acceptable in the market in i ts fiate 
of oxide. 

The lead ores and litharge may be fufed *s is done in Eng* 
land and Britanny, in a reverbatory furnace, of which the 
floor or bafon is formed of moiftened and rammed clay. Tbefe 
floors refill the a&ion of tire as well as that of the oxide of 
lead during fix or eight months conftant work. 

The durability of thefe bafons of earth firft gave me a no« 
tion of the method I (ball propofe for refining furnaces, in 
which the intention is to oxide the lead in order to obtain li« 
tharge, and not to caufc it to be totally abforbed in the cupels* 
as is done when the metal is aflayed, to (hew how much filvor 
it contains. 

In the operation upon a large fcale the cupel, though of 
alhes abforbs only pari of the lead, as I have already remarked* 
obferving at the fame time that it would be much more ad? 
vantageous to obtain the whole converted into litharge, of 
which the redu&ion into lead is infinitely more eafy than that 
of the oxide contained in the afbes, which refifl fufion, and 
afford a fcoria that always contains fome metal. 

, Upon a cupel of afhes rammed into an oval ring of iron, 
about five feet in length and three and a half in width, , the 
Englilh refiue in fuccetfion about twelve ton of lead, which 
becomes converted into fine merchantable litharge, with the 
exception of the i'mall portion that penetrates the cupel, of 
which the thicknefs is lets than three inches. This cupel U 
fopported under the roof of the furnace by two bars of iron. 
The litharge is driven by the blafi of bellows towards the an* 
terior part of the furnace, whence it falls without interruption 
upon the area of the foundery ; and at the fame lime to fupply 
the (pace which this fubtmftion of oxide would leave, a pig 
of lead is gradually advanced into the interior of the furnace, 
placed on one tide of the nozel of the bellows. This lep& 
by its gradual fution, keeps the cupel full till towards the end 
of the operation. 

3 I have 
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I have given this (ketch of the Englilh propefs only to %wThe veflei is 
that it is poffible to refine lead with very little expence o£ vcr y chea P* 
a(hes for forming the cupels. Thofe here mentioned do not 
abfacb eighty pound* ’ of oxide out of the large quantity of 
lead thus refined. 

Hepce we fee that metallurgies have always endeavoured 
to obtain the grealeft poffibte quantity of litharge and the lead 
of afbes containing oxide ; but as they did not imagine they 
could dcpeft from the docimadic procefs, they have conftantly 
Blade their cupels of allies. 

We hav? feeir that in the fmall procefs of cupellation t(ie The litharge 
lead penetrates the allies as it becomes oxided* and that when off In 
no more lead remains the fmaH button of diver remains pure ’ 

at the bottom in the fpberical form. This operation is eflfe&ed 
with more fpeed becaufe the furface of tiie bath is always con- 
vex in thofe fnaall veffels, and consequently the litharge runs 
off on all (ides towards the edge of the cupel, where it is imr 
mediately imbibed. 

This is not the cafe in large cupels of feveral yards diem- —but cannot 
cter. Bellows mult be ufed, not only to accelerate the o*i«- m thc ,ar * c * 
datioc by their blaft, but to drive the litharge towards the pot- 
tage or gutter which is left for its iflue. 

The inconveniences and even the impoffibility of caufing Itmuftbedrirea 
all the lead to penetrate the allies of thefe large cupels have off bclk>w,# 
been already remarked. This mud be evident on reflecting 
that the oxidation can take place only at thofe parts of the 
bath which are expofed to the contact of the air and the biaft 
of the bellows. The litharge near the middle of the bafoo 
not being difpofed to flow towards the edge, would cover and 
defend the metal from any farther oxidation. Hence it is 
that the operators hare found themfelves obliged to drive out 
the litharge by the mechanical action of a dream of air from 
bellows. 

The oxidation therefore takes place only at the furface of The oxidation is 
the lead, and not lower? if it were other wife* the afhes of the * 

cupel would be penetrated with oxide to a depth which w'oald 
be more unequal the longer the operation laded. Now I have 
always remarked that the portion of alhes thus imbibed in the 
largss -refinery is not thicker towards the center of the bafon 
than towards its edge, though the lead remains thirty or forty 
times longer at the bottom than near the edges* becaufc the 

Vol. XI. — July, 1805. P bath 
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bath conftantly diminiflies till all the lead is red need into li- 
tharge, and nothing at lad remains but the button of filver at 
the bottom of the cupel. 

Other reafont • That the whole of the lead is abforbed in the cupel of aflay, 
Lnnot ar ^ es fr° m unequal a&ion of heat upon every part of the 
be nude by ab- /mall veflTel. As the cupel in the large way prefents only it* 
fuperior furface to the action of the heat, the oxide thus im- 
bibed ceafes to penetrate at the place where the temperature is 
no longer in a date to hold the oxiding fufion. For this reafon 
it is that the whole of the cupel is throughout impregnated to 
an equal depth, and it is impoflible to caufe all the lead to 
penetrate the afhes. 

Ifr har gg it From the preceding obfervations it will be eafy to conclude 

fought m a pro- that though the aflay of lead mud be made in fmall cupels of 
waj m thC ^^bone afhes, in order that the whole of the oxided metal may 
either be abforbed or partly evaporated ; yet the cafe is very 
different in the large operation, where the obje& is to proceed 
with celerity, and to obtain as much litharge as poflible. 
Addition of fend I have before dated that the wood afhes ufed in forming 
to the wood large cupels are ex pend ve, and frequently not to be procured 
a&es, &c. ^ q Uan tity . | 0 which I have added their being fub- 

je£t to blow up or rife entirely, which occaiions a confider* 
able lofs. It mud further be mentioned, that in order to give 
more weight and confidence to thefe cupels it is often nCceffary 
to mix a confiderable quantity of fand with them, particularly 
if the lead (hould contain foreign fubdances, fuch as* urfenic, 
cobalt, antimony, zinc, tin and other matters. If the lead be 
•merely ar fen ical, after having taken off the fird feuro, it is 
ufual to throw from time to time, on the whole furface of the 
bath, about 20lbs. of iron feales or granulated crude iron. 
This iron being lighter than the lead, floats on the top andai> 
forbs the arfenic, after which it is cleared away, and then the 
litharge is formed without any obdacle* This method is ufed 
in Saxony. 

The neceflity of adding fand to the aflies of the cupels ought 
to have led to a difeovery which I propofe : it is as follows* 

* 

New ConfiruBion of the Cupels or Bafons for refitting Lead . 

New conftruc- Without making any change in the mafonry of the furnaces 
tionof the ba- f or re fi n \ n ^ by w hat we call the German method, it is only 
for refining lead, neceffary totie careful to make a fumqient number oF vents in 
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their bafe for the evaporation of the moidure, and to difpofe 
of them fo as mod efFe&ually to anfwer this purpofe. Thefe 
channels or vents are to be covered with a bed of fcoria, upon 
which a pavement is to be made of the mod porous bricks, and 
of the thick nefs of a (ingle brick. 

On this area or pavement, which ought to be concave like Th« cupel is 
the bafe upon which the allies of the ordinary cupels are JriJh a littleclay 
pkced, mud be laid a quantity of founder’s fand, a little raoift- inftetd of bone 
coed. If it be not adhefive enough, a little clay may be*® 1 * 1 ' 
sdded, in order to give the requifite folidity, and the whole 
carefully mixed. The fand mud be rammed down in the fame 
manner as is done to confolidate the allies in the ufual way, 
and abafon for refining mud be formed, equally rammed in all 
its parts. The thicknefs of this cupel Oiould be about fix 
inches; and it may be made in two layers, as we (hall here- 
after obferve. 

After the bafon has been in all parts uniformly beaten or 
rammed down, it will be proper to fifl over the whole furface 
two or three quarts of wood afhes, which may be made to 
adhere by ramming. 

When the cupel is thus prepared, the head of the furnace It may be dried 
nod be lowered, and a moderate fire kept up for feveral hours, bcfore **** 5 
in order to evaporate part of the water from the fand. The 
reft will be driven out, without inconvenience, through the 
vents during the refining. 

After a fuffic\ent drying, which may even be difpenfed — but this is not 
with; the head is to be raifed, the cupel, differed to cool a 
little, and draw or hay then laid upon it, and upon this the Method of 
pigs or pieces of lead, which are to be gently put down, in j^ r8mg Wl * 
order that their weight may not make imprefftons in the fand. 

The draw is ufed for this purpofe, in our method as well as the 
common method; and it would be convenient that the lead 
Humid be call in iron heroifyherical moulds or pots in dead of 
tfee prifmatic form, as thefe pieces would be lefs fubjeft to 
damage the cupel. 

When the quantity of lead neceffary to fill the cupel is ar- 
ranged in the furnace, the head is to be lowered and luted all 
roond with clay, after which the fire is to be applied as in the 
ofoal precedes. 

When the lead is in perfefi fufion, and the bath covered Fufion. 
with drofs and coally matter from the draw, this (kum mud be£j££“ g °* *** 
f 2 raked 
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Method of 
blowing, dec* 


Cutter for the 
Bthirge. 


Iixltrudfions. 


raked q(F through (he paflkge left for the litharge, by mean* of 
a wqodqn rake about a foot long, with an iron handle of fuk 
ficient length to reach every part of the bath. 

When the lead has heen feverai times fkimraed, and begins 
to become red, the bellows rauft be fet into a&ion, gently at 
firft, and afterwards more ftrongly. Their nozles muft be fo 
difpofed that (he blaft may be directed towards the center of 
the bath, and in order that the wind may be urged upon the 
furfaee of the metal, each nozle rauft have afraall round plate 
of iron adapted to it. Thefe fmall flaps or valves, called 
papilions (flies or butterflies) areufedin the German fineries. 
They have an hinge at top, and at every ftroke they rifeabout 
half way from their perpendicular pofition towards the level, 
fo that by reflecling the air downwards upon the lead, they 
haften its oxidation. 

When all the drofs has been removed, and the lead is of a 
gpqd red heat and covered with litharge, a little gutter muft 
be made, with an hook appropriated for this purpofe, in the 
land of the cupel. This rauft be carefully done until the hot* 
torn of the gutter anfwers to the level of the bath. The li- 
tharge driven by the blaft of the bellows will flow out of this 
paftag?, and fall upon the hearth of the foundcry. 

When the operator perceives that only a fmall quantity of 
litharge remains near the gutter, he will flop its efcape with a 
fmall quantity of raoiftened afhes ; but as Toon as the lead (hall 
be again covered with oxide, the paflage muft be opened and 
trade deeper as thje quantity of matter becomes deprefled ; 
taking care that no lead efcapes, particularly towards the end 
of the operation, as it would carry along with it a large por- 
tion of filver which would be loft. 

in this manner the procefs is to be carried on until the ftir- 
face of the filver exhibits tbofe flaflies which are called the 
brightening, taking care to raife the fire in proportion to the 
diminution of the bath, particularly towards the end, when 
the filver is collected; and as this metal is much more difficult 
to be kept in fuflon than its fmall alloy of lead, the refining 
will be imperfect, unlefs the temperature be railed, and in- 
fiead of about one twentieth of lead, which the filver ufually 
retains in the German method, it will remain much mere 
highly charged. This, would render it more difficult to be 
treated in the f’econd operation, called the filver refining, or 
by the Ger mans filter brenen, by which it is rendered pure. 

5 Thole 
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Thofe who are acctiftomed to refine lead in life German 
method, will find no difficulty in following mine. For though 
the cupel is made of fand inftead of afhes, there i$ no difference 
in the manipulations. 

We have feen that the Englifh refine a great quahtity ofThis methodad- 
lead on a fmall cupel. The fame may be done in the method ^ ^ 
here dcfcribed, by adding in proportion as the loft by oxida- during work, 
tion takes place. Suppofing the capacity of the cupel to be 
foch as to contain about five ton of lead, we might continue 
the operation to three times that quantity in a tingle proceft, 
which would dot have the inconveniences of the Englifh 
tnethod. 

I flatter myfelf that a well-made cupel of fand maybe ufefi andthecupd 
for feveral refinings, withoat requiring to be made up Ugaih ^J^ 1 *** 
every lime like thofe of afhes ; but in thefe circuniftances, and 
before the lead is put in, it is necetfary to fill with well beat- 
leu fand the gatter or opening which was before made for 
carrying oil' the litharge. . Care muft be taken in doing this tb 
remove with a chifTel that kind of glaze which the oxide of the 
lead leaves behind it; With this precaution, after wetting the 
part where the new moiftened fand is tb be applied, they will 
firmly unite together. 

From the long duration of the earthen floors of thofe re- 
verberatory furnaces in which lead ores and even litharge are 
frfed, as was before mentioned, we have no reafon to appre- 
hend any bad conf'equences from the oxide of lead, Which a 61s 
only on the furface of the cupel, and penetrates to an inconft. 
durable depth. 

After one or two refinings, this cruft of oxide may be taken Recovery of the 
off and fufed in a blaft fumade, in order to recover tfete lead ; *Mbrbed l*d. 
a procefs no lefs eafy thin thsft oF reducing the ibfclal Which 
exifts in much greater quantity in the ordinary cupels. Wfe 
therefore obtain a larger quantity of litharge*' Which is one 
advantage, and in addition to this, the k>1*s in filVer which ac- 
companies the abforbed lead will be lefs. For in the fmall 
quantity of precious metal which accompanies Phe 1 btfide, it 
** found by experiment, that the proportion 3s greater in the 
abforbed lead than in that which is driven ©Ver in lifhidrge. % 

Mead of fand we might moke ufe of day ih idling To make the 
*»r cupels, as ife done in the hearths of l&e^revtrttttofy ^ Jnftead ofOnd 
*ces of 3rUtaoy j but it woilld thenbe nwteffery to podttd would be more 

.-j s^cxpenfive and 

i lets convenien t. 
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Two kinds of 
(and. 


Repair or re- 
newal of the 
cupel. 


Absorption is < 
no advantage in 
the old proceft. 


the earth repeatedly for feveral days, otherwife it would crack, 
and tbefe cracks, which would beaune wider by the ihrinking 
from heat, would afford a lodgment for fome of the lead ; an 
inconvenience which fand, even if rather loamy, does not 
prefent. It muftalfo be remarked, that a cupel of clay would 
become too hard to admit of the excavation for carrying off the 
litharge ; fo that this part at lead would require to be made of 
land or athes. 

It will be advantageous to ufe two kinds of fand in forming 
a baton of the cupel, the one fine fuch as the founders 1 fand, 
and the other coarfe. The latter may form the firft ftratum, 
which, after being well rammed with the implements u fed for 
this pdrpefe, muff be left about three inches in thicknefs. 
Upon this the fine and fomewhat loamy (and is to be fpread 
and rammed like .the firft. A flight degree of moifture muff 
J>e ufed with both thefe, in order that they may more folidly 
adhere together. The lower ftratum being more coarfe, will 
facilitate the efcape of the humidity. 

It will not be necefiary to diffurb the lower ftratum of fand 
when a new cupel is to be made ; and even of this bft that 
portion which has not imbibed any oxide may be ufed along 
with the new fand intended to be applied. The lower ftratum 
jviuft not be touched during this renewal, for fear of mixing 
coarfe fand with the fine. This inconvenience may be guarded 
ag&inft by ramming upon the furface of the coarfe fand a bed 
of a thin facing of alhes, at which the operator muff flop when 
lie takes away the upper ftratum. 

We have remarked that the founders’ fand muft be rather 
loamy, and that if it be not fo, it will be necefiary to add a 
fmall quantity of clay to render it adbefive ; but as it is ne- 
ceffary that this clay fiiould be equally diffufed through the 
mafs, it may be diffufed in the water with which the fand is 
to be fprinkled, and the whole muft be carefully mixed, 
if- It might be obje&ed, that fince the cupels of fand do not 
abforb fo much litharge as tbofe of a(hes, more time will be 
required to complete the refining, becaufe the oxide inftead 
of being in part abforbed 9 muft by thi? new procefs be driven 
out of the furnace. This however is a fubjeft which ought 
not to be confidered as of any importance; for the blaft of the 
bellows well directed will caufe the oxide of litharge to flow 
put more abundantly through the gutter thaaif the abforptioo 
took place. 

I have 
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I have teen operators in Germany, who, when (hey con- Improvement. . 
_ _ . , . .,1, . r r „ • Cavity to receive 

tuu&ed their cupels, had the precaution to form a froaU cir- t hc filver. 

cular cavity in the middle, the depth of which was propor- 
tioned to the quantity of filver, which from the aflay they 
knew to be contained in the lead of one operation. By this 
contrivance there were no infulated grains of the metal left 
on the furface of thejr cupel, but the whole of the filver 
formed a perfectly round cake in tfie middle of the center ex- 
cavation, I would advife the fame ingenious expedient to be 
uied in tl^e cupel$ of /and* i 

I am well alfored that the cupels 1 propofe, if made with pondufioa* 
care and attention, will fooceed perfe&ly, and that, indepen- 
dent of their convenience beyond the others, they will be 
found very economical. 1 am defirpuf tliat, for tbe advantage 
of metallurgy, this method ffiould fie generally ufed 9 and its 
benefits will prove that we ought not always to follow with 
fervility the eftablifhed ufages nor the common working pro- 
cures. 



Letter from Mr. James §todajlt, efplajning the Method of 
gilding upon Steel by himerfion in a Liquid, which has lately 
engaged the public Attention in various Articles of Manu- 
facture, 

To Mr. NICHOLSON. 

DeajSir, 

A Confiderable degree of public intereft and curiofity has fnftnimeuts of 
lately been excited by the exhibition of inftruments of Heel 8ilt 
coated or gilt with gold. The di(covery f although pot alto- 
gether new, does not appear to be very generally known ; 
and as its application to various manufactures promifes to he 
both elegant and ufeful, I have, with a view of faving fome 
time and expence to others who may be inclined to make 
further experiments, added a fborl account of a method which 
with me has fucceeded perfectly well. I wilh here in juftice 
to obferve, that this difeovery of the method belongs more to 
my friend Mr. Hume, chemift. Long* Acre, than to qnyfelf. 

With that gentleman's kind affiftance I had but few difficulties 

to 
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Recount of the to Overcome: The following is our method : To a (If ora ted 

pfocefs. Three f 0 ] n tj 0n 0 f * old in nitro-muriatic acid, add about three times 
parts fufphunc . 6 

ether are added the quantity Of pure fulphuric ether: Agitate them together 
to one of folu- fo r a fliort time. The gold' will foon be taken up by the' 
The gold is" ether in the form of a muriate, or nitro-muriate of gold, leaving * 
taken up by the (he remaining acid colourlefs at the bottom of tlie veflel, which ■ 
mud' now be drawn off by means of a ftop-cock, or other 
The inftrument fonilar Contrivance* The acid being difeharged, tbe inflni- 
theethSrcaJ fa!° to b® gilt haring been previoufly well poliflied and 
lutioa. wiped very clean, is to be dipped for an inflant into the 

ethereal folutiort, and on withdrawing it, as inftantly wafhed 
by agitation in -clean water* This i* etfentiai to get dear of’ 
a fmal! portion of acid neceflartly taken up with the metal ; and 
if this be neatly done, the furface of the fteel will be com* 
pletely and very beautifully covered with gold.- Some little 
degree of dexterity is required to perform the whole operation 
well. 

Mentis! oils do 1 have tried fome of the eflential oils, knowing that they 
aotfuccccd well. w j|j | a j ce (| ie g 0 |d f rora nitro-muriatic acid; but as far as \ 
went they did not apply for the purpofe of gilding : and as I 
had found all I wanted in ether, I certainly did not profecutc 
the other experiments with much induftry. 

| remain, with touch refpedt. 

Pear Sir, 

Your obliged fervant, 

J. STODART. 

Strand, June 24, 1805. 


XII. 


On the peculiar Knife emitted by Water before it acquires the 
Temperature of boiling; which is commonly demoted by the 
Word Simmering. W. N. 

Introduction, Some time ago a philofophical friend who facoured me with 
a vifit, mentioned in cohverfation that the fimmerihg of water 
before it boils had formed the fubjedt of enquiry bejweeiy* 
himfelf and other curious examiners of natural* appearance*, 
As being a fa6t not yet well explained. It foemed to me 
very remarkable; as I dare fay it will to my readers, that any 

pf 
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irf the fa&s relating to the boiling of water, concerning which 

fo much has been faid and written, (hould Rill remain in ob- 

fcority. Having, myfelf, been in the habit of confidering 

it as the confequence of a rapid efcape of interfperfed air from 

the heated water, I reqDefted he would fay why he thought 

the phenomenon repugnant to that fuppofition. My friend Particular de- 

proceeded in reply to Rate, that when water is firft put on 

the tire, in a metallic veiTel, the vefTel itfelf gradually becomes jog. 

fined with bubbles ; that thefe bubbles become detached and 

rife, fo that the whole lurface, or at lead the bottom, become* 

clear again; that, fodn afterwards a rattling norfe is heard, 

(harp and metallic, which encreafes in loudnefs until it almoft 
perfectly re fe rubles the pouring of fmall (hot into the vefifel ; 
that the fluid continues in a Rate of tranquillity and tranf- 
parency during this Rate; and laRIy, that when the noife 
is loudeR the Rate of ebullition fuddenly comes on, the pecu- 
liar noife of fimmering ceafes all at once, and nothing is heard 
but the foft and moderate noife of aquatic agitation as long as 
fire boiling laRs. 

This account, fo remarkable for its precifion and accuracy. It fccms to wife 

(hewed clearly that my notion, which I believe is the common fron “ Jj*. e 

J J . • production and 

opinion. Was ill founded. After a little meditation, it ap- condenfation of 

pcared evident to me that the noife of fimmering muR arile 

from the collapfion 6f Ream bubbles, formed at the bottom 

of the veflel, and condenfed almoft inRantly upon their 

alcent in the fluid not yet heated to the boiling point. In 

fupport of this opinion I fliewed him a common experiment 

with the water-hammer. This inftrument, which is made Defcription of 

and fold by the glafs-blowers and barometer-makers, confifls thc wat «-bam- 

of a tube, nearly a foot in length and about three quarters 

of an inch in diameter, terminating in a globe of about two 

inches in diameter ; the other end of the tube being clofed. 

The outer extremity of the globe ends in a capillary lube, 
through which as much water has been introduced as rather 
more than fills the globe itfelf. This water has been boiled - 
in the vefle! or inftrument, and at the time of boiling, when 
aft the internal cavity not containing water was filled with 
Ream to the almoft total exclufion of air, the capillary aper- 
ture was hermetically doled. The inftrument thus com- 
pleted is found when cold to contain water and a fpace nearly 
y^cuou% and the experiment from which it derives its name 
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Singular noKe of of the water-hammer, is that of agitating its content*. 
vacuo/** ***** remarkable effect it exhibits is, that the parts of the water 
flrike againft the glafs ^nd again# each Qther, wfith the (harp 
Another expert- noife ufually produced by the coliition of hard bodies. Another 
^duc^and 1 experiment, which I allucjed to, is that, |f the ball be hel 4 
c on dr n fed downwards fo as to become filled with the w*ter, and it be 
tvrtreumcsin.^ (j ow j^ ra ifed up, fo as. to bring the tube nearer to the 
horizontal pofition, the heat of the hand which holds the 
tube will produce vapour or fleam flrong enough to prevent 
the fluid from running down to its level from the upper fur- 
face of the globe; but a little farther inclination caufes it to 
defcend, and a bubble of the fleam enters the globe itfelf 
and afcends through the fluid. But it fcarcel) arrives at the 
top before it is condenfed, ancj the water cullapfes with 4 
(mart ftroke or noife, fo as to fill the globe again. The fuc- 
ceflion of thefe bubbles and their condenfatiun take place 
fo rapidly, in a well made inftrpmept, that ten or twelve 
applied to explain collapflons occur in every fecund of time. The fedt, and the 
Jimmcring 0 obvious remarks I made upon it, convinced my friend that J 
had fuggefted the proper explanation. 

Objections. It was my intention however to have heated fome water 
in a veflel in order to obferve and afeertain the progretfive 
appearances, but I had not done it when I again h^d the 
pleafure to meet this intelligent obferver. He com pitmen tec} 
me upon the ingenuity of my folution, but having hiipfclf 
fince repeated the experiment of boiling water, it feemed 
from his report that ingenuity was all the value it could claim, 
u Take a bright tin veflel” faid he tr and heat water in it j 
you will hear the noife, but no bubbles are to be feen.” 

I took the earliefi opportunity of making fome experiments, 
the particulars and refults of which are as follow ; 

Sxp. 1. Water Exp. 1. A fmall glafs retort, the body of which is about 
was heated in a ( wo jncheg j n j^ s fl )0 rleft or horizontal diameter, was fufpended 
tim roe ring wai fo that its neck was elevated about twenty degrees above thp 
JT^b^bbks ^ eve ^« Water was then poured in to fill the body and the 
greatefl part of the neck. My intention in filling the neck 
was, that I might be able to obferve whether any greater or 
more fudden rife took place before the period of boiling than 
the well known expanfion of the fluid. A fmall fpirit-lamp 
was placed beneath the bulb. The coldnefs of the water in 
the veflel immediately condenfed a portipn of the water whicji 
' ifluefl 

3 


Digitized by Google 



SIMMEJIIKG OP WATfft* 


219 


kTned from the flame itfelf, and formed drops on the outfide. 

As the included water became heated this condenfed water 
evaporated, and left the furface again clear ; and at this pe- 
riod the difleminated air began to feparate and gave a dufiy 
appearance to the inner furface, which laftad about three mi- 
nutes* At the end of this time the inner furface began to 
clear; tbe peculiar noifeof fimmering was heard; and bubbles 
were feen fuddenly appearing and collapfing ; the retort itfelf 
being agitated and tbe furface of the water rifing and falling 
by ftarts. The bubbles were pointed at lop, foroewhat re- 
fembiing fraall flames fuddenly appearing and vaniftiing at 
different parts of the furface. In the courfe of one minute 
they grew larger and larger and collapfed at greater heights, 
until at length they efcaped through the fluid without being 
condenfed. This was the inflant of ebullition or boiling and 
at this period the noife of fimmering ceafed and that of boiling 
was heard. 

Exp. 2. As this effect appears Iq arife decidedly from the Exp. 2. Water 
upper water being colder than that near the bottom of the ref* 

veflfel, it was natural to infer that the appearances would betel. The effects 
different according to its figure and magnitude. I therefore ^J£** thernMrc 
took a boll-head, or fpherica! glafs body, with a ffraight neck ; 

Its diameter was four inches ; and when it was filled, a co- 
Itrain of water eight inches long flood in its upright neck. 

The thicknefs of the glafs at its bottom was confiderable. At 
3 5 minutes after three the lamp was lighted. At 40 minutes 
bubbles of gas rofe fingly, and very little of the dufty appear- 
arice was feen. At 58 minutes the noife of fimmering began, 
and the collapfing bubbles were plentiful and diftinft. Little 
Hreams or fountains of fleam rofe from particular points and 
were condenfed ; and fome globes of half an inch diameter 
afcended clear of the bottom and collapfed in the fluid above. 

At one minute after four the bubbles reached the top of the 
fluiduvithout collapfing, and at this time the noife of fimmer- 
ing ceafed. The lamp was then blown out. 

Exp* 4. A bright copper hemifphere, four inches in diame-Exp. 4. The 
ter, was filled with water at the temperature of 60 degrees. 

At four hours three minutes the lamp was lighted and water copper vcflel. 
became condenfed on the outfide. At five minutes the infide 
furface had a dufty appearance, from bubbles of air immedi- 
ately over the flame. Tbe temperature was then 1 10°, and 
r the 
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outfide dry. At fix minutes babbles of gas or aif w efe 
detached and rofe, the temperature being 120°, and the 
pour of (learn being vifjble from the fyrface of the water. At 
eight minutes the infide furface was coated with large bubbles 
or beads of air; temperature 150°. At nine minutes, temp. 
165*, much vapour. At min. temp. 175°, the bottom was 
clear of bubbles, and the noife of tiramermg began. At lO 
atin. temp. 184°, the fleam collapfing bubbles were very evi* 
dent, though, from their pointed fhape, they were not iroroek 
diatcly obvious to an obferver looking flraight down into thd 
iiining veiTel. At 11 min. temp. 180 9 , noife very loud and 
bubbles more and larger. At 12 min. temp. 183°, fome of 
the bubbles broke at the furiace, and the noife was lefs. At 
12J min. temp. 20l°, the water boiled, and the fimmering 
noife was fucceeded by that of boilings At 14 min. the lamp 
was extmguifhed. 

Exp. 5 . Water Exp . 5. The water was differed to cool to 170°, and the 
dow^not C firnmer ^ ai ^P was ^ cn again, namely, at four hours 18 mi- 

fo much or fo nutes. At 20 min. temperature 180°, the r fimmering began r 

loudiy as water ^dt no * t jj| a f ler the fleam bubbles w ere feei> very larger and 
qu'ckly railed ' ° 

from a low tem- fooo afterwards, at 204°, they rofe through the fluid, and 

peratute. the boiling took place by fountains or dreams of bubbles rifing 
from particular points. The fimmering noife in this expert* 
ment was much lefs than before. 

The thermometer was placed horizontally, with the greateft 
part of its tube, and part of its bulb, out of the water. Wheri 
the bulb was plunged in the water, it (hewed 208°. 

Conclofion. From thefe fads it appears to be clearly eflabliflied, that the 
caufe firfl mentioned, namely, the condenfation of fleam 
bubbles in their afeent through the cold fluid above, is the oc* 
cafion of the noife of fimmering. In the fifth experiment the 
fu per incumbent water was hotter than that beneath, and coiw 
fequently the fimmering could not be produced but by fleam 
at a higher temperature, and even then the collapfion ef* tb# 
water was lefs ludden and the noife lei* loud, 


y Experiment* 
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XI1L 

Experiments on Woetz. By Mr. David Musket* From tM 
F/iUnfi^phieai Trqnjk&um, I$Go. v 

T HE following experiments were made at the requeft of Sir E*periment» oa 

Jofepti Banks, on five cakes of wootz, with which he fupplied 

me for that purpofe. As the cakes, which were numbered 

1 » 2,3, 4, 5, were not all of the fame quality, it will he proper 

firil to detcribe the differences obfervable in their external 

form and appearance. 

No. 1 was a denfe folid cake, without any flaw or fungous Defcripfioii of 
appearance upon the flat, or, what I fuppofe to be, the upper tiecaJce * No.r* 
fide. The round or under furface was covered with fmall pits 
or follows, two oF which were of confiderable depth ; one 
through which the (lit or cut had run, and another nearly as 
large towards the edge of the cake. Thefe depreffions, the 
effects, as I fuppofe, of a fpecies of cryfiallization in cooling, 
were continued round the edges, and even approached a little 
way upon the upper furface of the wootz. 

The cake was a quarter of an inch thicker at one extremity 
of the diameter than at the other, from which I infer, that the 
pot or crucible, in which this cake had been made, had not oc- 
cupied the furnace in a vertical pofition. Its convexity, com- 
pared to that of the other five, was fecond. Upon breaking Fnffuwd ray 
the thin fin of fteel, which conne&s the half cakes together, 

I found it to poITefs a very fmall denfe white grain. This 
appearance never takes place but with fteel of the beft quality, 
and is lefs frequent in very high fteel, though the quality be 
otherw'ife good. 

Upon examining the break with attention, I perceived feveraf 
laminae and minute cells filled with ruft, which in working are 
never expe61ed to unite or (hut together. The grain other- 
wife was uniformly regular in point of colour and fize, and 
polfefled a favourable appearance of fteel. 

No. 2. This cake had two very different afpefls; one fide Defer! pt**« of 
was denfe and regular, the other hollow, fpongy, and protube- 
rant. The under furface was more uniformly honey-combed 
than No. 1 ; the convexity in the middle was greater, but to- 
wards the edges, particularly on one fide, it became flatter. 

The grain expofed by breaking was larger, bluer in colour. 

and 
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and more fparkling than No. 1 . In breaking, the fra&tire tor® 
but (lightly out, and difplayed the fame unconnected laminae 
with nifty furfaces, as was obferved in No. 1. Defide the He, 
two thin fins of malleable iron projected from the unfouhd 
fide, and Teemed incorporated with the mats of fteel through* 
out. Towards the centre of the break, and near to the excrefr 
, cence common to all the cakes, groups of malleable grains 
were diftinCtly vifible. The fame appearance, though in a 
(lighter degree, manifefted itfelf in various places throughout 
the break. 

Ctke of fvootz, No. 3. The upper furface of this cake contained feveral deep 
N®* 3* pits, which feemed to refult from the want of proper fluidity 

in fufion. They differed materially from thofe deferibed upon 
the convex fides of No. 1 and 2, and were of that kind that 
would materially effeCt the Heel in forging. 

The under or convex fide of this cake prefented a few 
cryftalline depreffions, and thofe very fmall ; the convexity 
was greater than that of No. 1 and 2, the fradure of the fin 
almofi fmooth, and only in one place exhibited a fmall degree 
of tenacity in the a& of parting. In the middle of the break, 
about half an inch of foft fteel was evident; and in different 
fpots throughout numerous groups of malleable grains, and 
thin laminae of foft blue tough iron made their appearance. 
Cake of vroots. No. 4. Was a thick denfe cake pofTeffed of the greatefl 
No. 4 . convexity ; the depreffions upon the under fide were neither 

fo large, nor fo numerous as thofe in No. 1 and 2, nor did they 
approach the upper furface of the cake further than the acute 
edge. This furface had the moff evident marks of hammering 
to deprefs the feeder, or fungous part of the metal, which in 
the manufadhiring feems the gate or orifice by which the metal 
.defeends in the a t\ of gravitation. 

The break of this cake, however favourable as to external 
appearance, was tar trora being folid. Towards the feeder it 
Teamed loofe and crumbly, and much oxidated. The grain 
divided itfelf into two diftin& ftrata, one of a denfe whitilh 
colour, the other large and bluifii, containing a number of fmall 
fpecks of great brilliancy. Several irregular lines of malleable 
iron pervaded the mats in various places, which indicated a 
compound too heterogeneous for gdod fteel. 

C a ke«f wooti, 5 th cake. This was materially different in appearance from 
N*. 5 . any of the former. It bad received but liltlc hammering, yet 

was 
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fibooth and free from depreflions, or honey-comb on 
both furface*. The feeder, indeed of being an excrefcence, 
pcefented a deep concave beautifully cryftallized. 

In breaking, the fra dure tore out conftderably, but pre- 
sented -a very irregular quality of grain. That towards the 
under furface was fmall and uniform, but towards the flat or 
upper furface it increafed in fize, and in the bluenefs of its 
colour, till it patted into the date of malleable iron. 

The break of this fteel, though apparently foft, was the 
feaft homogeneous of the whole, and throughout it prefented 

very brilliant arrangement of cryftal, which in other fteel is 
always viewed with fufpicion. 

General Remark . 

Uniformly the grain and denfity of the wootz are homage, 
ueous, and free from malleable iron towards the under dr 
round furface ; but always the reverfe towards the feeder or 
upper tide. 

Remarks in Forging . 

No. 1. One-half of the cake was heated (lowly by an anneal- Thesppetr- 
ing heat to a deep red, and put under a fharp broad-mouthed 
chiflel with a fmall degree of taper. It cut with difficulty, was wootz, No. i. 
reheated, and cracked a little towards one end of the flit or 
cut originally in the cake. 

~ The heat in this trial was fo moderate, that I was afraid that 
the crack had arifen from a want of tenacity, occafioned by 
the heat being too low. 

The other half was heated a few (hades higher, and fub- 
je6ted to the fame mode of cutting; before the chiflel had 
half way reached the bottom, the piece parted in two in the 
direction of the depreffion made by the cutting inftrument. 

The additional heat in this inftance proved an injury, while 
the cracking of the fteel in both cafes, particularly the former, 
was a certain proof of the abundance, or rather of the excels 
of the fteely principle. 

The fra&ures of both half cakes, now obtained for a fecond 
time, were materially different from that obtained by the limple 
divifion of the cake. The grain was nearly uniform, diftin&ly 
marked, but of too gray a colour for lerviceable fteel. Two 
of the quarters being drawn into neat bars under hand ham- 
mers 


Digitized by v^ooQle 


CXPfcftljMfcNTa ON VTOOTl. 


22* 

The appear- at a tow beat* pno of then* qonUined a Humber ot critsluf 

tb^uk/o ?'" 8 and fhTures. The fra&ure was* fray* tore ©at a lihte tn break*- 
woou» No, i, * n £> but W.a? oiherwdfe yolky and exccflivcly denfe. A fmall 
bar of peuknife iize was improved greatly iu drawing down, 
and had only one crack, in thirteen inches of length. The 
grain and fradlure were both highly improved by this addi- 
tional labour ; the tenacity of the fteei was greater, and it 
flood firmly under the hammer at a bright red heat. 

The other tw'o quarters of this cake were fquared a little, 
and fucccflively put under a tilt hammer, of two hundred 
weight, going at (be rate of three hundred blow s per minute, 
and drawn into fmall penknife (ize. One of the bars from an 
outfide piece, always the moft lolid, was entirely free from 
cracks, and had only one fmall fcale running upon one fide. 

Thefe bars exhibited a tougher break, thau tliofe drawn by 
hand ; the colour was whiter, and the grain poflefTed a more 
regular and Glky appearance. 

(To be continued.) 


l have received a letter from Mr. Bos well, in which i 
he exprejjes an opinion t that it is unfair in the Old Corrtfpondenjt 
xvhojb Uttei' appeared in our laft Number to have applied Mr . B*s 
apology to one particular part of his paper ; as he conceives, that 
it ought to have been confidertd as indicating the fpirit in which 
his whole communication was written . 1 have inferted this Jhort 

notice out qf refped to the writer ; but have declined inferting thf 
letter itfclft becaufe the cout rover Jy can have no fart her importance 
to the readers of this Journal, after the fubjeft itfelf has keen 
exhaufied. 


Digitized by v^ooQle 



Muff. *■ or.MuA^-’f 


Digitized by Google 








Xu hoU tu -Phil, 


Join *uil . Yi lJU.J’l.lY.p. 22 J. 


.-hr • ' 


Digitized by GOOgk 


Scale of' Peichco'. 



V ’ 


\ 


Digitized by v^ooQle 








Digitized by Google 



A 


J O UR N A L 


NATURAL PHILOSOPHY* CHEMISTRY, 


THE arts* 


AUGUST, 1805. 


ARTICLE I. 

An Account of fame new Experiments which prove that the Tent * 
peratnre at which the Denfity if Water it a Maximum, is 
ftceral Degrees of the Thermometer above the freeiing Point. 
■fyBiNjAMiN Count op Rumpord* V. P. R. S. Foreign 
Ajjociate of the National InjtituU «f France, Ifc. Ifc. Re- 
ceived July 16* 1805, from the Author; with a Letter dated 
Municlf, 25th June, 1805. 

In my feventh eflay, in which I have treated of the propsga. Pfienomefe* 
tion of beat in fluids, and alfo in a papqr publifhed in the have 
PhilofophicalTranfaftions for the Year 1804, Part I. ; in which 
I have given an account of a curious phenomenon frequently ® unj denfity of 
obferved on the Glaciers of Chamouny, I have afcribed the 
melting of ice which is placed (bydefign, or by accident) f«eaiag tem- 
Wow the furfacc of ice-cold water, to currents of warmer peratulei 
w *ler, which, in certain cafes, are fuppofed to defcend in 
lhat ice-cold liquid : but as this fuppofed faft has lately been the f»a qutf. 
Wled in quefiion by feveral perfons, and as the explanations tioned * 

I have founded on it mull fall to the ground, unlefs it can be 
Supported, I have been induced to re«coniider the matter, 
and to give it a careful and thorough inveftigation, 

Vot. XT, — August, 18Q5, Q The 
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It was firft *«• The fundamental fad on whicb'lhe fuppofitkm is grounded, 
nounced by Dt w hj c h wa3 announced many years ago by Mr. De Luc; 

namely, that the temperature at which the denfity of water is 
a maximum, is con fiderably higher than that at which that fluid 
freezes, is indeed fo very extraordinary, and appears to be the 
caufe of fo many intereftihg phenomena, that too much pains 
cannot be taken to put it beyond doubt. 

New method of As ftie methods hitherto ufed for determining that important 
proving it. point have, by forae at leaft, been coniidered as infafficient, 
I. (hall take the liberty to propofe another, by which the fa£k 
in queftion may, I think, be demonftrated di redly ; and with- 
out any nice calculations, or any very difficult or delicate ex- 
periments. 

Let the following experiments, (which it will be eafy to 
repeat) fpeak for therofelves. 

Apparatus. In Having provided a cylindrical veflel, (A Fig. 1. Plate XII.) 
thvfanddieof a 0 p en a b ove made of thin (lieet brafs, which is 5i inches. in 
brafs veflel, a diameter, and four inches deep, fupported on three ltrong legs, 
k f* ^ted^ 1 ^ inches high ; I placed in it a thin brafs cup, (B) two inches 
u PP° f • - n diameter at its bottom, (which is a little convex down- 
wards) 2 Vu inches wide at its brim ; and I T \> inches deep ; 
which cup ftands on three fpreading legs made of ftroog brafs 
wire, and of fuch form and length, that when the cup is in- 
troduced into the cylindrical veflel, it remains firmly fixed in 
the axi? of it, and in fuch a fitualion, that the bottom of the 
cup is elevated juft 1 J inches above the bottom of the cylin- 
drical veflel. 

In the middle of In the middle of this cup there ftands a vertical tube of 

^jwted CUP * ^ ieet brafs, £ an inch in diameter, and of an inch in 
length, open above, which ferves as a fupport for another 
fmaller cup (C) which is made of cork; the brim of which is 
On the fame horizontal level with the brim of the larger brafs 
cup, in which it is placed. 

an hemifphcrica! This cork cup, which is fpherical, (being fomelhing lefc 
cup of coik, than half of an hollow fphere) is one inch in diameter at its 
brim, meafured within of an inch deep, and £ of an inch 
in thicknefs. It is firmly attached to the vertical tube on 
which it ftands, by means of a cylindrical foot, £ an inch in 
diameter, and £ of an inch high ; which, when fome force is 
employed, enters into the opening of the vertical tube. 

On 
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On one fide of this cup there U 0 (mall opening, which having in its 

© * * ^ q£ 

receives, and in which is confined the lower extremity of the 
tabe of a final! mercurial thermometer, (D). The bulb of 
this thermometer, winch is fpherical, is juft re of an inch in 
diameter, and it is fo fixed in the middle of the cup, that its 
centre is juft \ of an inch above the bottom of the cup ; con- 
fequentiy it does not toach the cup any where, nor does any 
part of it project above the level of its brim. 

The tube of this thermometer, which is fix inches in length, a thermometer* 
has an elbow near its lower end, at the diftance of one inch 
from its bulb, which elbow forms art angle of about 110 
degrees, and the thermometer is fo fixed in the cup, that the 
fhort branch of its tube, namely, that to the end of which 
the bulb is attached, lies m an horizontal pofition, while the 
longer branch (to which a fcale,made of ivory, and graduated 
according to Fahrenheit is affixed,) projefts obliquely upwards 
and outwards, in fuch a manner that the freezing point of the 
fcale lies juft above the level of the top of the cylindrical 
veflel in which the cups are placed. 

The cork cup, which was turned in the lathe, is neatly Other pardcu- 

formed, and in order to clofe the pores of the cork, it was ^ 

covered, within and without, with a thin coating of melted 
wax ; which was polifhed after the wax was cold. 

The thermometer was fixed to the cork cup by means of 
wax, and in doing this, care was taken to preferve the regular 
form of the cap, both within and without. 

The vertical brafs tube which fupports this cup in the axis 
of the brafs cup, is pierced with many holes, in order to 

allow a free paflTage into it, and through its fides A to the 

water employed in the experiments. 

Having attached about fix ounces of lead to each of the T h“ apparatus 
legs of the brafs cup, in order to render it the more fteady in 
its place, it was now introduced with its contents, into the rounded with 
cylindrical veflel, and the vefrel was placed in an earthen lce * 
bafin (E) feven inches in diameter below, 1 1 inches in dia* 
meter at its brim, and five inches deep, and was furrounded 
On all fides with pounded ice. 

Several flat cakes of (olid ice were now put into the cy- Ice was placed 
Undrical veflel, and fattened down upon its bottom, and under ^ cy^nd? *3 
the bottom of the brafs cup,, and a circular row of other long veflel * bu: not 
pieces of ice were placed, in a vertical pofition, round the 

Q 2 outfide water was povred 
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into all the re- 
maining fpaco* 


oo l fide of ihe brim of the brafs cup, betweckt.it and the 
• vertical fide of the cylindrical veflel, which vertical pieces 
of ice reached upwards to within about ^ of an inch of the 
top or brim of the cylindrical veflel; and when this was 
done, ice-cold water was poured into this veflel till the furface 
of that cold fluid flood juft one inch above the level of the 
brim of the cork cup. — Both cups were of courfe fubrperged 
and filled with ice-cold water, and furrounded on all tides by 
folid cakes of ice. 

Theeupste- After things had remained in this fituation more than an 
merged for one*" hour, during which 'time the cold water in the cylindrical 
hour. veflel, and that in the cups, was frequently agitated with 

the foft end of a ftrong feather, and the cups and the water 
in every part of the veflel appearing to be exactly at the 
temperature of freezing : I proceeded to make the following 
deciftve experiment* 

Experiment. No. 1. 

tiperlmcnt t. A folid ball (F) of tin having been provided, two inches 

A cone of meui i n diameter, with a cylindrical projection on the lower fide of 
at was • . § . • • . j I if t i* 


plunged in the 
ice-cold water, 
juft above the 
cork cup : 


it, one inch in diameter, and half an inch long, ending in a 
conical point* which projected (downwards) half an inch 
farther; this ball (to which was fixed a ftrong iron wire fix 
inches in length, which ferved as a handle to it,) having been 
made to acquire the temperature of 42° F. by keeping it 
immerfed near half an hour in a large quantity of water at 
that temperature, was placed as expeditioufly as poflible over 
the middle of the cork cup, and in fuch a fituation that the 
whole of the defeending conical point (half an inch in length) 
was immerfed in the ice-cold water in the cylindrical veflel, 
the extremity of that point being juft half an inch perpen- 
dicular above the upper fide of the bulb of the thermometer 
which lay in the cork cup. 

It Was forefeen, I knew that the particles of ice-cold water which were 
that if dw water brought into con tad with the conical point, could not 
the cone became fail lo acquire fome fmall degree of heat from that relatively 
denfer by the warm metal; and I concluded, that if the particles of water 

defeend and* f° warned ihould in fad become heavier than they were be- 

raife the ther- fore, in confequence of this final! increafe of temperature, 

mometer. they muft neceflarilv defeend in the furrounding lighter ice- 

cold liquid, and as the heated metallic point was placed 

diredly 
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**aiy over the cork cop, and fixed immoveably in that 
filtration, I forefaw that the defending current of warm water 
maft neceflarily fall into that^ cup, and at length fill it, and 
that the prefence of this warm water in the cup would be 
announced by the rifing of the thermometer. 

The refult of this very interefting experiment was juft what I* did, in 6ft, 
I expeded : the conical metallic point had not been in contaa raife the V“ r : 
with the ice-cold water more than 20 feconds, when the^;"" “* 
mercury in the thermometer began to rife, and in three minutes 
it had rifen three degrees and a half, namely, from 35® to 35i°, 
when five minutes had elapfed, it had rifen to 36®, when an 
end was put to the experiment. 

Another final! thermometer, placed juft below the fur- hut it did not 
fcce of the ice-cold water, and only T * D of ,n inch from 
the upper part of the conical point, on one fide of it. did notfafaT 

Wear to be fenfibly affeded by the vicinity of that warm* 1 '" 5 
body. 

A third thermometer, the bulb of which was placed in the nor soother n*«, 
nrafs cup, juft on the outfide of the cork cup, and on a level the ood * , t* ®f 
with its brim, thewed that the water which immediately C " P * 
lurrounded the cork cup, remained conftantly at the tempera- 

klM f fCeeZing ‘ durin * lhe who,e time ‘hat the experiment 

As I well knew, from the refults of the experiments on the The metal at 
propagation of heat in a folid bar of metal, of which an ac- ^ ““Hoot 

r NT 5 "!*? in 8 mem0ir prefenled to ,h « firft clafi^TX. 10 ^ 

the National Inftitute of France, on the 7th of May 1 804, 
the ice-cold water in this experiment could not pollibly 
«qa.re from a contad with the conical metallic point, a tern. 

1 ‘ hat ° f 42 °* 1 Wa * ^ n ° «««»» ^prifed 
•0 higher** 4 ^ lhenn0nieter be,on g in g ‘o the cork cop rofe 

hi*L°tVV ee ,f “ COU ' d n °‘ ** made ,orife only A fomewhat 
JL / “/ L f ° m ° re ra P ,d, y* b y employing the metallic ball h “* P«* 

fSl? 7? a J! mp !7“ re “ * mi « ht f “pp° fed -ould gu* 

Lm t0 bemt ,h0fe P" tic,e * i^cold water which 

pSmeT TuT*« Wi ‘ h hS C ° nical P° int ' the ««- 

pemture at wh.ch the denfity of water is fuppofed to be a 
“axuniim, I made the following experiments. 

Experiment. No. 2. 

*£r3STSi7 s*"' 1 

which, in the laft experiment bad been lodged in the The hmet ««- 

periment was 

cavity 
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repeated ; the cavity of the cork cup, (and which flill remained there, mf 
k Mt * was evident from the indication of the thermometer belong* 
ing to the cup>) I placed feveral fmall cakes of ice in the 
Cylindrical veflel, which ice floating on the forface of the 
water in the veflel, prevented that water from receiving heat 
from the air of the atmofpbere, which at that time was at the 
temperature of 76 p F. And as the cork cup had been a little 
fleaLed by the warm water in the foregoing experiment, time 
>vas now given it to pool. 

As foon as the cup, and the whole mafs of the water in the 
Cylindrical veflel appeared to have acquired the temperature 
of freezing, I carefully removed the cakes of ice which; 
floated on thfe fur face of the water, and introduced once mere 
the proje&ing conical point belonging to the metallic ball into' 
the ice-cold water in the veflel, placing it exactly in the 
fame place which it bad occupied in the foregoing expefi* 
xnent ; but this ball, inflead of being at the temperature of 
42 9 F. as before, was now at the temperature of ($0° F. 

The w#s The refult of this experiment was very lirikingt and if I 
wore coaftdcr- ara not ® uc h miftaken, affords a direct, unexceptionable, 
•hie. and demonftrative proof, sot only that the maximum of the 

denfliy of water is in fa0 at a temperature which is feveral 
degrees above the pojnt of freezing; but alfo, that warm 
currents do a&ually let downwards in ice-cold water« whenever 
a certain fmall degree of heat is applied to the partides of that 
fluid which are at its furface. 

particulars. The conical metallic point had been m its place no more 
than ten feconds when I diftin&ly faw that the mercury in the 
thermometer belonging to the cork cup was in motion ; and, 
when 50 feconds bad elapfed, it has rifen four degrees, viz. 
from 32° to 36?. 

When two minutes and a half had elapfed, (reckoning 
from the moment when the metallic point was introduced into 
the cold water,) the thermometer had rifen to 39?, and at the 
end of fix minutes to 39£°, when it began to fell; but very 
(lowly however, for at the end of eight minutes anfl a half it 
was at 39|°. 

A thermometer A fmall mercurial thermometer, the bulb of which was 
of^e'eup Wa* pl ac6( l on one fide l ^ e cor k °np, the difiance of about 
not affe&ed. ^ of an inch from it, (hewed no figns of being in the lead 
affe&ed by the heat communicated to the ipe-cold water by 
the metallic ball. 

This 
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This experiment was repealed three times the fame day, 

(the 1 3th of June 1805,) and always with nearly the Came 
refults. 


The mean refeltsof thefe four experiments were as follows : Tabulate re- 

fuks of the ex- 


Time elapfed 
reckoned from 
the beginning of 
the experiment. 

Min, Sec, 

0 0 

m m — 


m 

^ - . perijp cou re- 

Teoaperature of the p etttt j > with the 

water in the coik cup, the coneat a low 
as (hewn by the thcr- heat, 
mometer. 

. 32° 

At p 

10 

began to rife 

- 

m 

m to 

32+ 

At 0 

23 

bad rifen to 

- 

m 

m m 

33 

0 

23 

m m 9 

- 

m 


34 

0 

35 

r ■ • 

m 

to 

m • 

35 

0 

43 

w *» * 

- 

m 

• m 

36 

1 

3 

m m m 



rn m 

37 

1 

35 

m m m 

- 

r 

to to 

33 

' 2 

32 

m m m 

. 

m 

m • 

39 

3 

41 

m rn m 

• 



39{ 

4 

48 .. 

m m m 

• 


to to 

39 1 

6 

5 

mm m 

- 


to to 

39f 


At l had found by fome of my experiments iqade in die Whether a much 
fear 1797, of which an account is given in my feventh eflay, ftTmeaTwould 
part I. that water at the temperature of about 42? F. and affed the water 
confeauenlly what we (hould call very cold, melted confider- inlllccu P lef,# 
ably more ice, when (landing on it, than an equal quantity of 
boiling hot water, in the fame fituation, I was very curious 
to fee whether the thermometer, the bulb of which lay in the 
cork cup, would not alfo be lefs heated by the ball when it 
ihould be applied very hot , to the furface of the water, than 
when its temperature was much lower. 

To determine that point I made the following experiment. 

Experiment . No. 3. 

The cylindrical veflel with its contents haying been once Experiment 3 . 
more reduced to the uniform temperature of freezing water, Thc e*p*f»ncnt 
the metallic ball was heated in boiling water, and being SLs^ehJxUxo * 
expedition fly as pofiible taken out of that hot liquid, its , 

proje&ing conical point was fuddenly fubmerged in the ice* 
cold water, as in the former experiments* 

The 
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Xflfed on the 
thermometer in 
the cup much 
* 6 . 


Tabulated re- 
fult» of experi- 
ments repeated } 
with the cone a 
a considerable 
heat* 


Comparative 
view of the ex* 
pcruucnts. 


Hie refult of this experiment was very interefting, and it 
feems to me to throw much light on the fubjed of thefe inveC* 
tigations. 

It was not till 50 feconds had elapfed that the thermometer 
began to (hew any figns Of riling, and at the end of one mi* 
nute and feven feconds it had only rifen two degrees. 

In the foregoing experiments, when the metallic ball was 
fo much colder, the thermometer began to rife in ten feconds, 
and at the end of one minute and three feconds it had rifen 
five degrees. - 

This difference is very remarkable ; and if it does not prove 
the exiftence, and great efficacy of currents, in conveying 
heat in fluids, I mud confefs that I do not fee how the exig- 
ence of any invifible mechanical operation, the progrefs of 
which does not immediately fall under the cognisance of our 
fenfes, can ever be demonftrated 
As the experiment made with the ball heated in boiling 
water appeared to me to be very interefiing, I repeated it 
twice, and its refults were always nearly the feme* 

The mean refults of thefe three experiments were as fol- 


lows : 





- 


Time elapfed, 




Temperature of the 

reckoned from 




water in the cork cup. 

the befumiof of 




*s itewn by the ther- 

the experiment. 




awpeter. 


Min* 

Sec. 






0 

0 

♦ r - 

- 

. 

- 

32° 

At Q 

50 

the thermometer begun to rife* 

32+ 

At 1 

2 

had rifen to 



— — 

33 

1 

7 

— — T 



* - 

34 

I 

18 




— • 

35 

2 

2 

— — — 



m m 

$6 

3 

2 




- « 

36f 

4 

17 




• m 

37 

6 

12 

• - - 


m 


38 

7 

17 

- 


m 

• 

$8$ 

9 

0 

- 


m 

- 

38* 

12 

0 

• m m 


m 

T 

38* 

14 

0 

• 


m 

- 

38* 


B y comparing the mean refults of thefe experiments with 
Jh$ metpi refults pf thofe in which the ball was at the tempe- 
rature 
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rmlure of 60 °, we may fee how much more rapidly the ther- 
mometer in the cork cap acquired heat when the metallic ball 
was relatively cold than when it was at the temperature of 
boiling water ; and it is more than probable that it was not till 
after the conical metallic point had been confiderably cooled, 
by a con tad with the ice-cold water, that thofe dreams of 
moderately warmed water began to defeend from it, by which 
the thermometer was at length heated. 

In the experiments made with the ball heated in boiling When the wry 
water, a fatal! thermometer, placed juft under the furface of hot cone w* 
lhe ice-cold water, on one fide of the metallic point, began meter at the fur- 
to rife very rapidly as (bon as the hot ball was fixed in its^ wa> hcascd| 
place; but another thermometer placed about half an Inch — but a lower 
lower, on one fide of the cork cup, remained to all appear- onc m not * 
ance at perfed reft, from the beginning of the experiment to 
the end of it.' 

The explanation of all thefe appearances is fo ealy that it Explanations 
would be a wafte of time to fay much on that fubjed. It may 
however be ufeful to recapitulate the principal phenomena, 
and fhew in what manner they tend to eftablilh the fads which 
they are brought to prove. 

Every body muft fee, at the firft glance, that in all thefe That the flighdy 
experiments the heat which canted the thermometer to rife was defends ; *** 
carried down into the cork cup by defeending currents of 
warm water; and it is evident that water which defeends 
muft of neceffity be fpecifically heavier than that in which it 
defeends. 

From the refults of thefe experiments we may conclude that— and thefieat- 
thc denfity of water is a maximum when that fluid is at a tem-^ r d ^ u 
perature fomewhat lower than that of the fortieth degree of 
Fahrenheit's thermometer. 

In all the foregoing experiments, more or lefs warm water 
defcended through the ice-cold water into the cork cup; but 
the refults of the experiments which were made with the me- Hotter water «* 
tallic ball heated in boiling water, (hew evidently that when Md 
the particles of water at or near the furface of a quiefeent roafs 
of ice-cold water, are by any means heated to a temperature 
feveral degrees above that of 40° of the fcale of Fahrenheit, 
fuch particles, fo heated, become fpeciflcalfy lighter than ice- 
cold water, and confeqnently cannot defeend in thgt cold and 
deafer liquid. 
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With the hot 
cone Come of 
the fluid afcend 
ed and fomc de- 
fended* 


Cork ag'od 
noo- c oa du dor* 


Cautious. 


Apparatus by 
which the cone 
was fixed* 


In the experiments in qaeflieo, (with the hot hall) Come of 
the particles of the water, namely, ihofe which came fir ft into 
.conlad with the coaical metallic point, were heated to a higher 
temperature than that at which they were difpofed to fink in 
ice-cold water; and thefe rote and fpread tbemfelves over thn 
Surface of 'the cold liquid; but others, which happened to 
acquire left heat, defended in it, and after fiUing Che cork 
cup, overflowed, no doubt its brim, and then defending to 
the bottom of the braft cup, and coming into contaft with 
that ice-cold metal, were there cooled, and there remained 
at reft. 

As cork is an excellent non-condu&or of heat, (be warm 
Water accumulated in the cork cup during an experiment re- 
tained its heat a long time after the heated ball was removed* 
notwithstanding its being Surrounded on all Sides, and even co~ 
vered immediately by ice-cpld water; (which by the by is a 
pretty Strong proof that water is by no means a good conductor 
of heat) care however was taken, not only to remove this 
warm water after each experiment, by brushing it away with 
the Soft end of a Strong feather or quill, but alfo to cool the 
cup, and reduce it to the temperature of Screening water) 
which iaft operation was found to be much accelerated by 
brnihing it out frequently with the feather. In order that this 
feather might itfelf be ice-cold, it was fuffered to remain cob* 
ftantly in the ice-cold water, in the cylindrical vefiel. 

I mu ft not forget to give an account of the means ufcd far 
fixing the metallic ball in its place. This was done in a very 
Ample and efte&aal manner. A flip of ftrong tin (G H) fix 
inches long, and inches wide, with a circular bote in the 
middle of it, one inch in' diameter, being laid horizontally on 
the top or brim of the cylindrical vefiel, in fuoh a manner that 
the center of that circular hole coincided with the axis of the 
cylindrical vefiel, the Short cylindrical projeQion belonging to 
the hall being introduced into that hole, the ball was firmly 
fvpported in its proper place. 

The quantity of ice-cold water in the cylindrical vefiel wan 
fo regulated that the whole of the conical point being fub* 
merged, the furface of the water was on a level with the lower 
end of the cylinder, or, which is the fame thing, with the 
bale of the inverted cone. 

4 When 
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When not only the whole of the conical point, but a part The conical 
alfb of the (hort cylinder were immerfed in the ice-cold water, 
the warmed water appeared to be thrown, into eddies in itsdc- metal, 
feent, which difperfing about prevented its (ailing regularly in 
one continued ftream into the cork cup* 

To conclude, I would juft obferve, that although the fore- It is not caff t» 
going experiments appear to me to be perfedly unexception- ^^menu**** 
able, and that their reiuks afford demonftrative proof of the elevated temper* 
fads which they were contrived to eftablith; yet, when ut- ****** 1 
tempts are made by experiments (imilar to tbefe, to determine 
whether heat can be made to pafs downward* in water which 
is at a higher temperature than that at which its denfity.n a 
maximum, difficulties occur which appear to me to be quite 
iahariBOuntaUe. 

The fluidity of water is fo perfed, or the mobility of its For the (idea 
particles fa great, that the liquid at the furface, which is fir# greidy mSfy 
heated and rarefied, immediately fpreads far and wide, and the effeds by 
meeting with the (ides of the containing veftel, heats them, *** 

and this heat, fo acquired, making its way downwards (as 
well as upwards) in the (olid fubftance of which the vefTel i* 
conftroded, raifes the temperature of the lower ftrata of the 
(aid in cooled with it, which moving towards the axis of the 
veflelt communicates heat to a thermometer placed there, be- 
low the forface of the water. 

That thefe various operations do in fad take place, nobody Fads which 
can doobt : and it appears to roe to be the more probable that wilty dut P ^T 
ill the heat which a thermometer placed below the furface of fiderablc heats 
warm water acquires when a great degree of heat is applied ^tted down* 1 ^" 
to the particles of that fluid which are at the furface, is in fad wants through 
received from the (ides of the containing vefle), not only be* 
caufe the thermometer acquires heat (6 very flowly, but alfo, 
and none efpecially, becaufe this heat is acquired much more 
(lowly when the containing veflel is wide than when it is nar- 
row ; and alfo when it is made of a fubftance which is a good 
popdu&or of heat than when it is conftruded of a fubftance 
yrhicb is a bad condudor of heat, as I have found by expert* 
meat* But as this particular enquiry is foreign to my prefent 
purpofe, I (hall not enlarge on it in this place. 


Dcftriptioif 
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Deftriplicm of a Preft for preferring botanical Suhje&s; with am 
Account of the Succefs of the Improvement in the Art qf Blajl - 
ing pointed out by Mr . Jessop in this Journal . In a Letter 
from Mr . Tho. Harrison. 

To Mr. NICHOLSON. 


Intmtadory BjEING defirous to make a collection of the plants which 
oM. on preferr- grow in the neighbourhood of Kendal, and to preferve them 
lag plants. j n an | ier | JaJ .| UID> j wag naturally led to a confideralion of the 
different methods, which have been ufed by botanifts, of 
drying apd prefer ving fpecimens ; but finding none fo com* 
plete and expeditious as I could with, I therefore adopted a 
plan of my own, which I am perfuaded will be found to an- 
fwer every purpofe that the botanift can require. The real 
utility which is to be derived by a young botanift from the 
prefervation of plants, is the power of future examination, and 
to anfwer the purpofe the natural, appearance of each fpeci- 
men ought to be preserved as calculated to produce this effeCt ; 
for fince the feed-veflels and ftems of plants occupy much 
more fpace in thicknefs than the leaves, in order to preferve 
the latter from (hrivelling, the two former muff generally be 
bruifed in fuch a manner as totally to preclude any accurate 
inveftigation afterwards : and this on trial is found to be the 
cafe : befides, all the plants that happen to be in the prefs at 
the feme time, however various their texture, are fubjeded 
to the fame degree of prefiure. 

Remarks on the The plan recommended by T. Velley, Efq. feems equally 
methods now in exceptionable ; 1 mean the method of placing the plant when 
B frefh between feveral iheets of blotting-paper, and ironing it 

with a large fmoolh heater pretty ftrongly warmed, till all the 
moifture is diflipafced. By this method it is evident that the 
parts of fructification mu ft be much bruifed : it may preferve 
the colour of the blofioms better than any other, but this in 
the fcience of .botany is not very elfential, at leaft if it was, f 
believe that no method hitherto difeovered will fuoceed uni- 
versally in arrefting the fading beauty of delicate flowers. 

» The next plan which is given by Dr. Withering, is one ufed 

by 
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by * Mr. Wbateley a furgeon, but his contrivance, though 
certainly better adapted to preserve the parts of fru&ification 
and the ftiape of the item entire than the two former, I fouM 
would take up much more time than a country furgeon can 
well fpare ; therefore this led me to make what I thought an 
improvement on Mr. Whateley’s plan, and the experienced 
botanift is left to judge of my fuccefs from the following de- 
scription ; this I can fay for it, that it anfvrers completely (of 
coorie) to my own wi(h ; but further, that Mr. John Gough, 
of Middlefhaw, who has the bed colle&ion of plants in this 
county, regrets that he had not the lame contrivance, and 
has urged me much to lend you the following defbription of 
my prefs. 

This iodrument coofids of 17 oblong boxes, each, except* The author’* 
rag the uppermoft and lowermod, is made of four tides of fo-ibS^Iewn- 
well-feafooed oak wood, two inches deep and one-fourth of of a ferie* of 

an inch thick, dove-tailed together; the two end-pieces °f havin^C^hut 
which have two notches each in the middle wherein to place the lowed) can? 
the fingers in lifting it; and the bottom confifts of canvas X!f bottoms : 
glued and nailed to the wooden frame : in each corner is fixed f a nd, and the 
a final I triangular piece of wood reaching half an inch from 
the bottom upwards (for a purpofe hereafter to be explained); 

Thefe boxes are made fo as to be placed one within another 
fucceflively upwards, the lowed (1 am fpeaking only of the 
15 with cpnvas bottoms) meafures 20 inches by 16 on the 
outfide, and the highed 12 inches by 8. The bottomed, or 
carriage on which all the others are fupported, is much 
dronger, the tides of it being two inches deep and three quar- 
ters of an inch thick : its bottom is of wood of the fame 
thicknefs, all over perforated with holes one-third of an inch 
in diameter, and reds on four iron cadors, one at each cor-’ 
ner, to render the whole more eafily moveable; at each end 
of it there, is an iron handle : This box is 20 inches by 1 6 
within, and will therefore barely receive the larged of the 
boxes with canvas bottoms. The uppermod, or 17th box, is 
of the fame condru&ion as the canvas boxes, excepting that 
its bottom is of wood of the fame thicknefs as its tides, with a 
number of holes pierced through of the fame magnitude as 
thofe in the carriage, and canvas glued to the under fide of if # 

To complete this prefs, two folds of blotting-paper are to be 

placed 
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placed over the holes io the bottom of die carriage, in wfcitifr* 
at well ax all the canvas-boxes, m oft be pot an inch in depth 
of the fineft fand, wa(h ad and lifted; river fand is mo ft 
eligible, as being lead angular ; which find mud he Made 
level on the top bj drawing over it a rule that readies Me 
inch into each box : thefe boxes are placed one within another* 
and each by containing an inch depth of (and, miles the in~ 
combent frame one mch, fo that when they are thus charged 
and placed one upon another, the whole makes a truncated 
pyramid of !8 inches m height, and weighing about 1 ewu 
The uppermoft box may be (tiled with fend, or, if mere 
weight be neoeftary, with (hot. To this box 1 have added 
(what is by no means eflential) a cap, confiding of the (idea 
of three boxes fixed one within another, each projecting one 
sack above its inferior, for the fake of uniformity ; the top ia 
covered by a thin board : when this eap is placed upon tbe 
uppermoft box, the whole hat not an inelegant appearance. 
Reference to the JLeft the defcriptioo fhould not be fufficiently clear, I have 
* n5ratia * # (hatched the following figure, representing a perpendicular 
fedton of the prefs viewed on one fide of it* Plate XV \ 

Fig. 1 - reprefonts a perpendicular fe&hm of the prefs made 
length wife* 

a. The end of the bottomed box or carriage. 

b. Its bottom part perforated with holes. 

€. The end of the firft box with a canvas bottom. 
d. The canvas bottom. 

€. The fand which but half fills tbe box* 

/. The 17th or uppermoft box, with a perforated wooden 
bottom. 

g g g. Reprefont the end of the cap formed of the frame* 
of three boxes, in tbe empty (pace of which nay be frtaeed 
tbe botanift's pocket box. 

Fig. 2. reprefents the role wherewith the fand is nadd level 
in the boxes ; it is Ifi inches long* 
iu A notch one inch deep, 
s. The edge made thin. 
k. A notch an inch long. 

Fig. X* reprefeots the end of a canvas box. 

/ L The two notches to place the fingers in when the box 
is to be lifted. 

The 
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The Method qf ujtng it . 

After a fpecimen it fde&ed, a flip of paper » to be aU Method of *£*§ 
Inched to it, containing its name, place of growth, and tinm iphe pbuits are 
of gathering. The boxes are then to be taken off by three or laid between 
four at a time, until the no saber removed may be jodged to be 
of fufficient weight to produce the neceflary preflure. On the regulated by the 
feed in the box Urns feSefled for ufe, a (ingle fold of blotting- 
paper maft be placed ; upon that tbe plant, taking care to 
prefervo as much as poffible the nitural pofition of its charac* 
teriftic parts : Over the plant a fecond Ibid of paper mutt be 
laid, and then the boxes are to be replaced. If the plant be 
weedy and require much preffiire, place it near the bottom g 
lrat if fucculent, near the top; and herein contifls ooe great 
advantage of this ptefs over every other, fine© the preflure can 
be feleded or varied at pleafute, and all the parts of tbe plant 
prefled equally ; for if the plant be fucculent, the preflure can 
fcarcely be too flight at flrfl, and may be gradually inCreafed 
without ever bruifmg the tendered part ; and if, on tbe other 
band, ftrong preflure be required, the plant may be placed 
in the bottomed box ; and if the weight of (and be not thought 
fufficient, any number of the hexes next above it may be 
loeden with Tamil (hot, by which the preflure may be increafed 
until the boxes be full, when the preflure exerted would be 
modi greater than tbe Atongeft plants could bear without 
having (one of its eflefctia! parts defaced. Another advantage 
which led me to give a preference to this method of prefling 
plants, was the great favin£ of time ; for though my profel~ 

(tonal avocations Qiould require my immediate prefence at a 
diftance, and thus drag me from this innocent amufement 
when in the buflefl part of clafling and arranging my fpcci- 
mens, and though my prefs fhould be completely feparated 
into its conflUuent parts, yet the whole can be arranged, in 
the fpace of one minute, to remain until the next leifure time 
that may occur ; fo that, in fa&, with this contrivance, botany 
is a ftudy that can be entered into or given up as it may fuit 
the convenience of a moment ; which is not the cafe where 
any of the plans deferibed in Dr. Withering*! Introduction to 
the Sledy of Botany * are followed. 

• Third Edition. 

It 
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Remarks on the It may be neceflary to explain Tome parts of the flrodtirtf 
™^™of a thU of the P re ^* The holes in the bottomed and uppermoft boxes 
connivance* are to admit of the circulation of air and the evaporation of 
moifture, which will be confiderable when the prefs without 
its cap is placed within the influence of the fun or fire, as it 
always ought to be : and the fmall triangular pieces of wood 
in the corners of each box, are to prevent the upper boxes 
from prefling folely on the canvas bottom of the loweft 
box, when any number are lifted together: thefo may at 
firft fight appear likely to impede the preflure of the (and 
when placed in the prefe, but this obje&ion will vanifti when 
it is recolle&ed that each box contains an inch depth of 
fand : and it is evident, on examination of the prefs, that 
the fides of the boxes ferve no other purpofe than to keep 
the fand together; for they are perceptibly moveable in a 
perpendicular direction, and fuflain no preflure from the 
fuperior boxes; therefore the plant is placed as if in a heap 
of fand* 

The beft me- I am afraid I have already trefpafled too long on the alien* 
thod of prefer*- t j 01> 0 f t b e reac |er, but I cannot difraifs the fobjed without 
b?a<Utch them offering a few observations on the manner of preferving plants 
to a paper. a fter they are dried* There have been at lead three methods 

ufed : fird, fixing them to paper by the aid of gum-water z 
fecond, placing them loofely in a book : third, ditching them 
with thread to a (heet of paper. The fird plan appears to me 
the lead eligible, for it cannot be neatly executed unlefs the 
plant be prefled nearly flat, and by fixing it to the paper it 
can never admit of an accurate examination in future, but 
becomes a mere pi&ure, and a very imperfeft one ; for almoft 
every didinguifliing character, efpecially the parts of fructifi- 
cation, are injured or defaced ; even the general habit is often 
fo much altered that the plant could not be afeertained, were 
it not for the name generally fubferibed at its root* The 
fecond plan is alfo objectionable; for though the plant may 
at any time be fubjeCled to examination, yet by lying loofe in 
a book, it is very apt to be broken by the lead motion, par- 
ticularly when kept dry, which all prefer ved plants ought to 
be. The third appears to me the lead liable to objection ; 
for if the plant be neatly ditched down, it will not be fubjeCt 
to fuch motion as to injure its parts; and by cutting the 

threads 
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threads it may be detached From the paper, and fubjeded to 
any future inveftigation. 

I am. Sir, 

Your’s, &c. 

Kendal, July $, THOMAS HARRISON, 

1805. 


P. S. I cannot refrain from calling to the recollection of Account of the 
your readers a valuable paper in the 9th Vol. p. 230, of your 
Journal, recommending the ufe of fand in the blading of rocks, method of bUft- 
The effeds there related of this fim pie agent, I confefs did In « rocks indi- 
aftomfh me more than any thing I ever read : and as very fe- journal by W. 
rious and even fatal accidents have happened by the method of J* ffo P> 4 
ramming blafts with done in the Iimedone and flate quarries 
in this neighbourhood, I was determined to repeat the experi- 
ment the firft opportunity, and thus (hew its effedts to the men 
who work in thofe places. Accordingly no long period 
elapfed before I had occafion to be in the neighbourhood of 
the (late quarries in Longdiddale, about ten miles from Ken- 
dal ; when I went to one of thofe quarries, taking with me 
a bag of fmall fand, confiding of powdered freeflone ufed 
in this country to fcour pans with, and drew upon the done 
doors. I mentioned my bufinefs to one of the workmen who 
was then engaged in boring a hole 24* inches deep and about 
an inch diameter in a flate rock ; the dratum was about 27 
inches thick, and reclined from the perpendicular about 20 
degrees ; and this being the fird blad, it was consequently 
firmly furrounded and fixed in on all fides by folid rock : The 
part that he wanted to throw out by the blad was fuppofed to 
be five ton weight : The direction of the hole which he was 
borhig was perpendicular to the dratum, and therefore ele- 
vated above the horizon about 20 degrees. He fmiled at 
my propofal, but faid he would try the experiment to fatisfy ^ 

me, provided I would pay for the powder if it failed ; but he 
feemed to think that I had a very poor idea of blading, to 
believe that a little light fand would anfwer the purpofe of the 
laborious and dangerous procefs of ramming which he bad been 
accudomed to ufe. However, he charged his blad with pow- 
der in the manner he had been ufed to do ; t. e. into this hole 
Vol. XI. — August, 1805, R of 
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Safe and etfy of niches in depth, he piit as much powder, together with 

Sgioclu! lwo or l ^ fec P ieces °f broken flicks, of half an inch diameter 

and about four or five inches long, as Veached 12 inches up- 
wards: The flicks he rntroduc&l for the purpofe of keeping 
the powder lodfe in the hole, fo that it might tfke Are mora 
nearly all at the fame inftant : This done, he put in a charged 
fhmw, into the outer end of which was fixed a match-paper; 
and laflly, he (with a fm irking countenance, anticipating the 
joy he expected to feel at roy disappointment) filled op' the 
hole with fand. The match was then fired, upon which we 
removed to a difiance, and the powder foon exploded; when 
he immediately exclaimed, from the peculiarity of the report, 
though the effect was unfeen by him, that the rock was as 
completely fluttered as if the hole had been rammed with 
jftonc ; and a view of the place verified the pirediflion. Since 
that time the plan has been adopted fn ’that and moft of the 
neighbouring quarries, with the ufe ( f finall fand which is 
ivaflied dut of (he river in floods, and the method anfwers as 
well as the old one which was attended with fo much danger, 
Tfn one cale (lie fand was thrown out twice without any efTeA 
on the rock ; the third time, the hole was rammed in the ufual 
manner with flone, which was thrown out likewife j fo that 
the new procefs fortunately loft ho reputation. 

1 have detailed thus much in confirmation of the valuable 
paper before mentioned, and in hopes that it may induce fome 
of your readers who refidfe in the neighbourhood of mines or 
quarries, (o endeavour to introduce Utis fafe and eafy method 
'in lieu of (he dangerous and tedious one of ramming tvitli 
ftdne, in which procefs we ‘have had repeated inftances of 
the lots of limb, vifion, and even life itfelF: In the ufe df 
fand there is comparatively rio danger, and by adopting thw 
plan many a valuable life Will be faved. 


Dtfcripthn 
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Dtfcriptio* qf a Safety Valve, containing a Vacuum Valve in the 
fuMc Mote of tUe Boiler. By Sir A. N. Eoucianu. * 

-In forge boilers or coppers, where boiling fluids are eo- hc nlm ri* 
dofed, a fafety valve is generally ufed to prevent their burft- 
ing, from an urtexpe&ed exceffive force of the efcflic fleam, cum Nil*. ' 
• and, befidei, a vacuum Take, to prevent their being com- ’ 
prefled or cmflied by the weight of external air, in the cafe 
Of * hidden condenfrtion of the vapours. Thefe two valves 
are ctfautoouly fitted in two different holes in the boiler $ bn i 
an <a more fimple, and confeqaently more eligible, method 
ferns to be that of joining them together, I lake the liberty 
in fcfcmfe to the Society for the Encouragement of Arts* flee, 
the following contrivance for that purpofe 

a bj Plate Jilin Fig. 2. is a common conical fafety valve. Defer! ption of a 
fixed in the boiler c d, having four openings, i i, which are 
rep re fen ted in a plan view in Fig S : e f is the metallic rod, offices, 
bearing the weight K K, with which the fafety valve is 
loaded, and extending itfelf under that valve t of: gh is the 
vacuum valve confiding in a plane circular plate, with a brafs 
tube Hiding along the rod, and prefled by a fpiral fpring to 
the fafety valve a b (again ft which it has been well ground in 
-making it), doling in that fituation the openings t i. 

Such being the conflru&ion of the whole, it is evident, that It It a loaded 
when the elafticity of the fleam increases, the two valves, 
joined together, with thd Holed s « Ihut, make bat one, oppo- in itspbtee 
ting to the elaflioity of tl»e fleam an united refrfhmce, which fprinf-vifoe 
is regulated by the weight klc, in tbfe common way ; but, on 
the contrary, when by condensation of the vapours a vacuum 
is produced, the external air in prefling through i i , upon the 
vacuum valve g A, forces k down, and opens to itfelf a pafl^ge 
into the boiler. 

The valve g h may eafily be made conical, like the other, 
if that form Ihouki be prefqrffpl); but ia different Uials, I have 
found planes, if well ftncnedaodlgroand together, j da as per- 

* FWm tiie Memoirs of she Society of Arts for 1464. Tht 
fihmrmsdri was awarded for this h w enti oa. 

K 2 fWHy 
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fiedlly as can be defired, being prefled by the united elafficity 
v of the fpring and the fteam.. ; 

The fame applied Fig. 4. is the fame contrivance adapted to a new kind of 
oivance? Cr fifty va ^ vt or Pifi on > which, though I originally intended it 
for the tile of Papin's drgefters of a new conflru&ion *, has 
been, in a larger fize, applied by me even to fleam engines* 
* ' - and is defcribed in the Pbiloibphicai Magazine of Decena- 

. ber, ]80S.f 

Other expert* # I have lately begun, and fhall pnrfue, a fet of experiment^ 
mcnts * with the intention of regulating by this fafely pUkfn, the 

’quantity of admitted air to fire-grates, and to effed, by thafl 
means, a new mode of regulating the fire, and the elaftieitjr 
of fteam in boilers, with lefs expenditure of fuel aed of force 
thanufual; of which idea a hint is given in the work and 
’place above mentioned. The refult of thefie refearches X 
•ftall at feme future period do myfeif the honour of commons* 
eating to the Society* 


1 . . • IV. 

Obfircations and Experiments for the Purpnfe of afeertainirtg 
the definite Char aft.tr s qf the primary Animal Fluids, aud 
indicate their prefence by accurate chemical Tefis. By John 
Bostock, M. D. Contmunicatcd by the Author . 

Great want of The precifion which the analyfis of mineral and vegetable 

animSawdy?** ^ u ^^ ances ^ as attained, does hot appear to be yet extended to 

particularly of 

the fluids. * Nicholfon’s Journal, March, 1804. 

f The defer iptiou of this contrivance being already publifhed, 
* it would be fuperfluous tp repeat it. I only beg leave to add the 

following practical remark. A metallic pifton, if well turned and 
fitted into a cylinder of exa£Uy the fame kind of metal, will pro- 
bably have the fame degree of expanfion, efpccially if hollow, and 
confequently will not increafe its fri&ion in any increafed degree 
of temperature. But as in practice the cylinder is commonly ex- 
pofed to a lower temperature than tlie pifton, heated by the fleam, 
a little increafe of friction will take place by an increafe of heat. 
To prevent the effe& of this, I have found it ufeful to employ for 
the pifton a metal of fomewhat lefs expanfive power than the cy- 
linder i' and the expanfion of red copper being to that, of brafs 
nearly as 10 to 1 1 , I prefer making the pifton of the fohner metai, 
when the cylinder is made of brafs* 

the 
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tte pntfffrAs of die animal kingdom. This remark maybe * ’! 

applied both to the folids and fluids which compofe the animal ( 

body, but it is the moft applicable to the latter clafs of fub* . » 

Hances.' The tertns ferous, mucilaginous, gelatinous, &c. 

are employed, even by themoft efleemed medical and • phyii- 

ological writers*, in a vague and indeterminate manner 1 , 

without attending either to the original import of the word, or 

to the reftri&ed meaning, which it is neceflary to impofe upon 

popular exprellions when they" are adopted in fcientific re- 

fearches. The objeA of tHe prefent papier i* to afcertain a 

definite charaAer for \yhat I propofe to c&H the primary animal 

fluids, and to difcover delicate and accurate (efts, by which 

their prefence may be eaflly and certainly indicated. By pri- Primary animal 

mary animal fluids, + I mean thofe into which the compound 

fluids exifting in the animal body are capable of being refolded 

by the application of different re-agents, without decompofirig 

them into their ultimate elements. 

% 

Albumen. 

The firft of the animal fluids which I propofe to make the Albumen, a 
fubjeAof my invert igat ion is the albumen. With the except 
tion of water, no fluid appears to enter fo largely into the com. • 
pofition of the animal body. It forms a very conflderable pro* 
portion of the blood, and is found in greater or . left quantity 
in nearly all the fecretions. It is alfo capable of afluming the 
iblid form, without undergoing any change in its chemical * 

properties; in this (late it conftitutes the balls of all the mem** 
branous fubftances, which are fo extend vely difperfed through 
every part of the fyftera; it compofes the cellular liflue into 
which the earth of the bones, and the fibrous matter of the 
mufcles are depofited, while it enters largely into the ftru^ 
tore of the (kin, the glands and the veflels. At prefent, how- 
ever, we (hall direA our attention to it while in the liquid 
form. 

P Even Mr. Aben^thy, in his late valuable work on tujnorf, 
fpeaks of the gelatinous part of the bipod, where I conceive from 
the context, there can be no doubt that he intended to defignate the 
flbrine. 

+ All the animal fluids, both primary and. compound, are merely 
folutions of a folid body in Water j but thofe fubffcmces which are 
moll frequently feen in a ftate of foiutiofo, have veiy generally ob* 

(ajned the title of fluids. 

In 
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Moft conrtnU In order to obtain it in a date of purity, I had veeourfe to 
rom ^ ^ a fubftance to which the name of albu* 

e^g, * men was originally applied, and which is fiill confidered by 
the moil eminent chemifis * at compofed entirely of this fob* 
fiance. In order to ascertain how far this opinion was correct, 
I kept a quantity of the white of the egg in a temperature of 
fiI2 9 , until it was firmly coagulated. It was then cut into 
fmftty pieces and placed in the upper part of a narrow-necked 
funnel, whan a few <«rops of a brownilh vifcid fluid were^fia* 
parated from it- Other pieces of the fame coeguluxn were 
kept for fonoe 4ups in boiling water, the fluid being then patted 
through o fUae, had acquired a light brownifli colour, and m 
faint odour; when agitated ft was flightly mucilagioouf. By 
White ofcgg fc flow eveppratiion, a fmaU quantity pf a brittle, fetnutranfparent 
YW Qbtained. It appeared therefore evident, that 
a little of matterfhf white the «gg contains a fmali quantity of a fubfiancft 
not coagnUble. incapable of coagulation, and therefore effenliaUy different 
from albumen. I fiill, however, continued to employ it for 
the purpofe of afcerlaining the properties of albumen, as it 
affords this fizfiiftapce in a date of greater purity than it can be 
obtained from any other fource. 

White of egg * It was an objc& of (bate importance to ascertain the pro- 
conuins go parti portion which this foreign ingredient bore to the albumen it* 
foUd^iburoen Wf > !<*> grains of firmly coagulated albumen were kept for 
and 4,5 unco dome time in boding water, and this being poured off, a frefh 
aguhble xxutter. was i&dtd, and this procefs repeated until the water 

appeared to contain no farther impregnation. The whole of 
Ibe fluid waa then evaporated, and a refiduum was left which 
amounted to 4f grains. Be tides the admixture of this peculiar 
fbbfianoe, the white of the egg contains a confiderable quan- 
tity of water, not only in its liquid fiate, but after it is coagu- 
lated. By a gentle heat the water may be evaporated, and the 
ifoljd matter is left behind in the form of a hard, brittle, tran& 
parent fubfiance; I have found that upon an average, £ of 
recently coagulated albumen may be confidered as confifiing 
<eF water. Hence it will appear, that 100 grains of the white 
of egg confift of BO grains water, 4.5 grains of uncoagulabie 
matter, and 15.5 grains only of pure albumen. 

* Hatchett, Phil. Trunf. 1800, p.375. 

Thornton* Chcpiftry, IV. p. 4&*. 

The 
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TKf GJpff diftiqgpifliiqg charafteriftic of albumen ^ the pro-DUVinguifliinf 
g>erty of being coagulated by heat, which forms an obvious 

eafy teft of its prefence, when it exiles in a com pound Uted by heat, 
animal fluid in any confiderable proportion. In order to af- 
^eflain ty>w fmall a Quantity of albumen could by this paeans 
|>t| r.endpr^d yifible, I added 13 grains of the while of the 
to §7 grains of water, apd ifms fpriped a folution, one 
grain of ly^iicb contained ^ grain of pure albumen. FiveOne thoufcnith 
grains pf thjs folution vyere then added to 95 grains of water 4 ^ . 
(o lOOgrajns pf water contained grain only, or § 

of its weight of pure albumen. This was expofe^ to the heat 
pf baling wat?r, and a perceptible opacity was produced in 
tbe fluid. 

The ofleftf pf the oxymuriate of mercury were next tried. —oxymuriate of 
One drop of a faturated folution of this fait, added to 100 n ? ercu, 7 P**®* 
pf wafer, containing pf its weight ot albumen, 

PfpdpPSd a very evident ipiljtinefs; affer fome hours a curd y t 
wepipit^te fe pa rated ^nd fell to thp bottom. ^ folution of 
njlf fife ftrengtb, containing qnly of its weight of albu- 
men, yyas then tripd by the fame rc-agci>|, apd even in this 
inftance, a fufficiently obvious effeft was produced. 

Tjip nitro-ip ii^iate of tin is a powerful coagulate* of albu— 49 does nitro- 
mep ip its unmixed date, but I found it not to be fp de!ic^(^ mur,aC * ®? tn * 
9 tpfi ps thp oxymuriate of mercury. One hundred grains 
•f $vatpr f containing j. grajp pf albumeq, i. c. of its 
wrpigbt, yras not affefied by this re-agent until after fome hours, 
yvheo the fluid exhibited a degree of milkinefs. 

Ip ordpr to afeertain the effects, pf tannin upop albumen, I— and tannin. 
macpr?tpd iialf ?n ounce of po\yc}ered galls in half a pint of 
V^tey for foipp boors, ppd filtered the fluid. A deep brown 
trapfparenf liquor was produced, 100 grains of which I found 
by evaporation to contain 2f grains of folid refiduum. Equal 
parts of this preparation of galls qpdof a folution of albumen, 
in the proportion of one part to 1000 parts of water, were 
mixed 'together; at flrft no efe& could be perceived, but after 
fome time an evident precipitate was formed and flowly fub- 
tided. 

The aqua lithargyri acetati, or extraft of Goulard, is an Goulard throw* 
afiive precipitant of feveral animal fluids; when dropped into it<,ow,, » 
a ffrong folution of albumen, a very copious and denfe pre- 
cipitate is immediately formed. 

It 
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—but doubt- It is, however, fomewhat difficult to determine how far this 
**%• eflidt depends upon tbe albumen itfelf, as Goulard has been 

confidered to be the appropriate ted of the uncongelable part 
of the ferum of the blood, which, it may be fuppofed, refem- 
Aqua Utkargyri hies the uncoagulable part of the white of the egg. The aqua 
acetati plentiful- jjthargyri acetati is like wife decompofed by feveral of the 
** * faline bodies which are found to exift in alraoft all the animal 

fluids. I have fometimes found it to yield a precipitate even 
when added to diflilled water, and in all cafes, after .expofure 
to the atmofphere for 4 few hours, the water to which it has 
been added becomes turbid, and is covered with a thin film* 
In order to try the elfed of this re-agent on albumen, I added 
one drop of it to 200 grains of water, and upon obferving 
that the tranfparency of the fluid was not affected, a Angle 
drop of the folution of albumen, of the fame Arength with 
that mentioned above, was added. It formed a denfe preci- 
pitate as it fell through the fluid, and upon agitatioq, the whole 
was rendered (lightly milky. In this cafe the proportion of 
the water to the albumen was as 10.000 to I ; to the uncoa- 
gulable part of the white of the egg, it would be about as 
30,000 to 1. 

Nitrite of filver The next re-agent which I employed was the nitrate of fib 
a £° * like V er. a. Angle grain of a faturated folution of this fait pro- 
e c 1 duced an evident turbidnefs in 100 grains of water, containing 

i *<3 g r * °f Rlbumen, and after feme hours a fmall quantity of 
a curdy precipitate fell to the bottom of the veflel. It might, 
however, be’fufpe&ed that in this cafe, the effect produced 
depended upon a quantity of muriate of foda contained in the 
albumen. I found that 100 grains of water, containing only 
g r » of common fait was rendered evidently turbid by 
one drop of the nitrate of filver; * but the precipitate which 


♦ I weighed very exa&ly a grain of fait, and difl'olved it in 200 
grains of water. One grain of this folution was afterwards added 
to 99 grains of water, 1 and by repeating the operation for three fuc- 
ceflive times, I obtained 100 grains of water, containing only 
of its weight of fait. I then took 99 grains of diflilled 
water, and poured into it one drop of the nitrate of filver: after 
waiting for feme time, until 1 was fatisfied that no effe& would 
lake place, 1 added a tingle drop of the laft folution of fait, thus 
making it .kvs part of the mixture $ a faint but perceptible 
opacity was almoft immediately produced: 
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i« formed by the nitrate of diver adting op the muriate of foda 
is in the form of a greyifh powder, and fubfldes more rapidly 
than it did in the former inftance, where it produced a white, 
flaky precipitate. 

I found that a folution of albumen of the fame drength with Ttw-ma# 
that employed in the lad experiment, was immediately decom- r ** te of * oW * 
pofed by the nitro-muriate of gold. One drop of this metal- 
lic folution indantly produced a denfe white precipitate in 100 
drops of, water, containing only ^ of a grain of albumen. 

Albumen in a concentrated Hate is powerfully coagulated mA duau 
by alum ; I found however, that this re-agent is not fo accu- 
rate a left of its prefence when in a diluted (late, as fome of 
thofe which I had already employed : 4 grain of albumen, 
diiTolved in 1QO grains of water, was indeed rendered {lightly 
turbid by the addition of a few drops of a falurated folution of 
alum, but no precipitate was formed. 

Before I conclude my account of thefe experiments I mud Ob*, on the 
obferve, that the drength of the folution of albumen was j n lut,on of 
all cafes rather lefs than my edimate. When I added the al- 
bumen to the Water, a fmall portion of it always remained in- 
foluble, and this was feparated from the fluid by filtration be- 
fore the experiments were performed. This infoluble part I 
(up pofed to conflft of the membranous matter, with which it 
is faid that the white of the egg is interfered. The quantity 
was indeed almod too fmall to be appreciated, but where it is 
defirable to attain as much accuracy as poflible, I think it ne- 
ceflary to mention every circumdance which may in the fmalled 
degree afiedt the refult. 

The experiments related above will, I conceive, indicate RemarTcs. The 
with a fuflicient degree of accuracy, the prefence of albumen heatis^good* 
as a condituent of an animal fluid. The property of being diftinaive cha- 
coagulated by heat is a charadteriftic of this fubflance, which raacr 2 ^ am 
will always ferve as a mark of difcrimination, and we have 
found that this property is notdeflroyed by dilution with 1000 
times its weight of water. This therefore may be confidered 
as a ted of its prefence minute enough for all pra&cal pur- 
pofes. We have alfo found that there are feveral re- agent* 
which pofltfs the power of precipitating it from its folution in 
water, while exiding only in the fame proportion. It will be 
neceflary, however, to obferve their operation upon the other 
animal fubftances before we can determine their ufe in the 
analyfisor compound fluids. 

Jelly* 
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Jdly. 

Jelly, h is IS- The negt fobftance which I prqppfe to axauwae » j^ly. 
ani fi beromes hCat P ecu *‘ ar chara&eriftic of this body is its prpppky of b% 
ioocwte by OHM J coming concrete by cold, and being liquiffo4 hy *ppfca- 
*h$h% laege tion qF a gentle heat. It enters ipto the cq$»pdkiqo of the 
5^5wls. pirt Wood, though left largely than tbe I 1 i» alfo ao in- 

gredient in the tkin, membranous texture, ligam?uU« carti- 
Jagm and tendons. By boihng k is eafily extracted from foefe 
ftthttanees, and by evaporation and cooling the whole it re- 
duced to a mafs of greeter or left (blidity, in proportion to the 
previous degree of concentration. By a proeds of this nature, 
jfluglak is prepared from the bones and cartilages of fifla; as 
this fubftance has been confidered to confift of jelly nearly in a 
fiateof purity, I employed it for the following experiments. 
Obtained bv the Four grains of ifingfefs were ditto! ved in 200 grains of 
pia/s ' a ° One* fif WRt * r ' ^us a ftaudard fluid was formed, one grain of 
titthpirt?n which contained ^ gr. of jelly. This fqlution became per- 
watcr will coagu- j e ftly concrete by cooling. In the firft place I wifhed to afr 
certain how fmall a proportion of jelly dkfclved in water was 
, capable of afluming the concrete dale. Equal parts of the 
flandqrd fluid and Of water, i. c. one part of jelly to 100 
parts of water, produced a compound whicji was completely 
fliflfened by cooling; but I found that two parts of water to 
one of the Aandard, i. e. one part of jelly to 150 parts of 
water, produced a compound, which though evidently gela- 
tinous, did npt aflame the concrete form. 

Tt h actively One of the mod aftive precipitants of jelly is the tanning 
hy principle, I found that a mixture of 5 grains of the flandard 
ibla tion and 95 of water, produced a copious precipitate wheu 
added to an equal quantity of an infuflon of galls of the fame 
ilrength with that employed in the experiments upon albumch. 
In this inflance the jelly was to the water as 1 to 1000. I af- 
terwards reduced the quantity of jelly until it coropofed 
part oaly of the folution, and in this cafe a considerable pre- 
cipitate was dill produced by 4he infuflon of galls. 

—but rot by A quantity of the flandard folution had a few drops of the 
acct# aqua lithargyri acetati added to it, but no more effcd appeared 
to be produced than would have eufued from mixing it vkb an 
equal quantity of pure water. 
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No effedl was produced by adding the wymoriale of mer — nor t*oi. Mm 
Cttry to the ftaodard folution. The nitrate of filter and the 
oUromuriate of tin were each employed* and produced a very m.of t»m 
flight and aim oft imperceptible opacity. 

The addition of tbe nitro-muriate of gold caufed a fmall N* «. offal* 
quantity of a denfe precipitate when added to the ftandard fo- * avt ******* 
lotion; but when this was fo far diluted ar to contain one grain 
of jelly in 500 of water, tbe effeft was no longer perceptible* 

Mucuu 

Animal mucus or mucilage enters largely into the conftilu- Mucus; a ten* 
tion of many parts of the body, and forms a cohfiderable pro- ^Hed by^be- 
portion of feveral of the feeretions. The term mucus had miftt* 
been generally employed in a vague and unreftrided fenfe, 
until Mr. Hatchet, in his valuable paper on the membranous 
parts of animals, inferted in the Phil. Tranf. for I BOO, at- 
tempted to aflign to it a more appropriate and definite mean- 
ing. He conceives that jelly and mucus are only modifications 
of the fame fubftance, and do not efTentially differ from each 
other; he confiders it to be entitled to the appellation of 
mucus, when it is foluble in cold water and cannot be brought 
to the gelatinous ftate # . Dr. Thomfon adopts in general the 
idea of Mr. Hatchett, and lays down the following as the 
chara&eriftic properties of animal mucilage. It is foluble in 
cold water, Infoluble in alcohol, neither coagulable by heat 
nor generating into a jelly, precipitable by tan a*d the nitro- 
muriate of tin +. I have been induced from the refults of my 
observations, to form a different opinion refpe&ing the relation 
of jelly and mucus, but I (hall defer the flatement of it until 
I have related the experiments which have led me to ditfeni 
from fuch high authority. 

By agitating for a fhort time fome recent faliva in cold Mucus obtabe* 
water, part of it was diffolved, and after being patTed through * rom 
a filter, was made the fubjedt of experiment, being, gs I 
conceived, a folution of nearly pure mucus. By a careful 
evaporation I found that the water had difiblved part of 
its weight. 

♦ Hatchett, PbH.TrtnC 1800. 369 and 381. 

f Thomfon, IV* 509* 

No 
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IfFcft pf re- No eflfed was produced by the addition of the oxymuriate 

agents. No co- 0 f mercur y anc J (he niko- muriate of tin caufed only a flight 
agutation by . J . .. . J r a 

moderate heat opacity. No effect was produced by the addition of equal 

nor did it gelati- p arts 0 f t hj s folution and the infufion of galls. The aqua 1i- 
nilji by cooling, (hargyri acetati added to the folution produced an immedi- 
ate opacity, and after fome time a white, flcaky precipitate 
fell* to the bottom of the glafs. No appearance of coagulation 
was produced by expofing the fluid for fome time to the heat 
of boiling water, nor was there any tendency to gelatinize by 
evaporating and afterwards cooling the fluid, 
ffucus fxom m I afterwards endeavoured to pbtain mucus in a (late of pu- 
oyrtcr. rity f roin ano (her fource. For this purpofe an oyfter was agi r 

tated for a few minutes in cold water; the fluid was Altered 
and appeared (lightly opake and glutinous. 

By evaporation it appeared that it had diftblved about of 
its weight of animal matter. A quantity of this folution, di- 
luted with an equal bulk of water, w$s employed in the fol- 
lowing experiments. 

Reagents. The oxymuriate of mercury being added to it produced no 

effect. The infufion of galls after fome time produced a flight 
degree of turbidnefs, and at length a precipitate was formed 
in fmall quantity. The aqua Iithargyri acetati caufed an 
immediate opacity, and after fome time a denfe precipitate. 
TheOoulanJ ?n- Thefe experiments nearly coincide with the former. In 
dieses its pre- cafes nQ e ffed was produced by the oxymuriatp of mer- 

cury, thus proving the abfence of albumen. The fmall pre- 
cipitate caufed by the galls indicate the exiflence of only a 
very minute quantity of jelly. The effe& was fcarcely as 
great in this inflance, where the animal matter compofed T £ v 
part of the weight of the folution, as was produced by the 
fame reagent upon a folution of jelly, where it compofed only 
, Tt>Vs part weight of the fluid. Very nearly the whole 

. therefore of the animal matter probably confided of mucufr 
the prefence of which was indicated by the Goulard. . 

Exclufive tetis ; I apprehend that thefe experiments will be deemed fuflj- 
Uth^acct. c,ent to a decided and eflential difference betweep 

for mucus, ox. mucus and jelly, independent of the gelatinizing property of 
dbumea CrC ^ ^ al * er » l ^ e € ^ e ^ s produced upon them by the tanning prin- 
ciple and by the aqua Iithargyri acetati fcre exa&ly opposite. 
Tan is a mod delicate left of jelly, but does not in any degree 
affed mucus. Aqua Iithargyri acetati is a delicate teft of mu- 
cus 
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CPt bat does not iq any degree aflfed jelly. The oxymnriate 
of mercury, on the contrary, which is one of the raoft accu- 
rate teds of albumen, does not appear to be affe&ed either by 
jelly or by mucus. 

Albumen, jelly, and mucus, I am inclined to confider as Thefe the 
the only primary fluids which are difperfed through the differ- 
ent parts of. the body. Particular veffels or glands contain 
and fecrete particular fluids, which cannot be refolved into 
other fluids without decompofltion, as the flbrine of the blood, 
the refin of the bile, the ur£e of the kidney. Sec . but thefe 
are in all inftaqces confined to their appropriate organs, and 
do not neceffarily enter into the prefent invefligation. 

Fro^n the above experiments I think we may be entitled to Refumptwn. 
lay down, with a conflcjerable degree of accuracy, the leading *f 

charadter i flics of the three primary animal fluids, and to efla- coagulability, and 
blifli ,tefts by which their prefence may be minutely afeertained. P rcci P* by ox. 
The mofl remarkable prqperty of albumen is its becoming 
coagulated by heat, a property which it retains fo far as to 
communicate a degree of opacity to Us folution in water, when 
it forms only P art °f weight. A folution of the fame 
tirength has its albumen precipitated by the oxy muriate of mer- 
cury, and this teft will indicate its prefence when compoflng 
no, more than of the mixture. The tanning principle, 
tlie aqua lithargyri acetati, the nitrate of fllver, and the nitro- 
mufjate of gold, are all tefls of the prefence of albumen 
pearly as minute as the oxy muriate of mercury, but they are 
lei's valuable, becaufe their effects are not confined to albumen. 

The nitro-muriate of tin and alum are alfo precipitants of al- 
bumen,, but they are lefs delicate in their operation than the 
reagents enumerated above. t 

The peculiar charafteriftic of jelly is its property of be- Telly is known 

coming concrete by cold, and being again rendered fluid by a ky ,ts concretion 
, , , r . . r r 1 . .on cooling a ni 

gentle beat : we have found that its folution in water retains pr e«ip. by 
this property when it compofes part only of the weight of un « 
the fluid. Tan is a flill more minute ted of jelly than of albu- 
men, but jelly is not in the leaft degree affe&ed by the oxy- 
muriate of mercury, and may thus in all cafes be eafily diftin- 
guifbed from it. No effect is produced in jelly by Goulard, 
and fcarcely any by the nitrate of fllver, and the nitro-muriate 
^)f tin, when it is in a flate of fuch dilution. By means of 
tan, jelly may be eafily deleted in a fluid of which it forms 
opty P art * 

3 The 
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Mucus is nega- TTjft pmpWrtes of mucus art principally negative; it ifftot 
cha- coa ^ u ^ e by heat, n or capable of becoming gebifmteed; it 
?aaw " but prc- « rtot precipitate either by the Otfymtiriate of mercury or by 
cip. by aq. lith. (an, bul it may be detected with confideraWe mintttehfeft by 
***** the aqua Rthargyrl aeemti. 

Othwttft* It appears therefore that the o*ymor?ate of mercury, tin, 
and the aqua lithargyri acetati are the three molt valuable lefts. 
The nitto-ftiuriate of tin is a left delicate left of albumen than 
the oxyn&uriate of mercury, and is alft> in fome degree aflfeflted 
by jelly. The nitrate of filver appears to be a very nice teft 
of albumen, but il ft objectionable in confequence of its being 
decompofed by the muriate of (bda, a fall which is fhppofed 
to exift in moft of (he animal fluids. The mtro-moriaie of 
gold is a delicate teft of albumen, but it likewife precipitates 
jelly. 

Order of duly- In the aftafyfis of a fluid which is foppofed to contain either 
** albumen, jelly, ot mucus, the flrft ftep is to obferve theefifefi 

of the oxyrouriate of mercury ; if this produce no precipitate, 
we may be certain that the fluid in queftion contains no albu- 
men. We mull next employ the infulion df ar.d if this 
alfo caufe no precipitate, we may conclude (hat the animal 
matter held in (elution con fills of mucus alone. 

•Remark. I have before remarked, that (he ideas which t have formed 

of the nature of jelly and mucus, and the relation which thefe 
fubflances bear to each other, differ materially from ihofe of 
Mr. Hatchett. It is not indeed without a degree of diffidence 
that I diflent from fo diliinguiftied a chemift; but I conceive 
, that 1 am j unified by the experiments related in this effay. — 

Mr. Hatchett, m the valuable paper to which I have already 
referred, fpcaks of the white of ihe egg as confiding of pure 
albumen ; but 1 believe that in this particular he will be found 
not perfectly accurate. 

Animat mwcn* There is a great refemblancc between (lie mechanical pro*- 
tefembks veget. perties of animal mucus and Vegetable gum, and I found that 
* um# they ftrongly refemble each other affo in their chemical qualities. 

A folution of gum arabic, containing one grain of gum to 200 
grains of water, was not affected either by the oxy muriate of 
' mercury or by tan. With the nitro-muriate of tin and with (he 
nitrate of filver there was only a flight degree of opacity, btrt 
with the’ aqua lilhargyri acetati there was a denfe precipitate 
inftantly formed. 

On 
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V. 

Qnmt^fadar Motion. By AiIthony Carlisle, Efy. F. R. S. 
being the Croonian Leftore, read before the Royal Society, 

November 8> 180 k 

{Concluded from Page 201.) 

T*e lofs of motion and fenfation from the influence of low CoW deftrof* 
temperature, accompany each otheg, and the capillaries oft he ^nfaUan** 1 ^ 
vafcular fy ftem appear to become contracted by the lofs of 
Animal heat, as in the examples of numbnefs from cold. 

Whether “the ceflaticmof mufcular aClion be owing to the im- 
peded influence of the nerves, or to the lowered temperature 
Of (he mufcles themfelves, is doubtful ; but the known influ- 
ence of cold upon the fenforial fyflem, rather favours the fup- 
poftlion (hat a certain temperature is heceflafy for (he tranf- 
iniflion of nervous influence, as well as fenfation. 

The hybemating animals require a Toflger time in drowning Hybemating 
than others. A Tull 'grown hedge-hog Was fubmerfed in water not ca- 
at 48°, and firmly retained there ; air-bubbles began mitanlly Experiment with 
to afcend, and continued during four minutes ; the animalwas ^ hedge. hd|v 
hot yet anxious for its liberty. After Teveh minutes it began 
to look, about, attempting to efcape ; at ten minutes it rolled 
itfelf up, only protruding the fnout, which was haftily re- 
frafied on being touched with (he Anger, and even the approach 
of (he Anger caufed it to refraS. After fifteen minutes com- 
plete fuhmerfion, the dnlmal ftfll remained rolled up, and ' 
withdrew its nofe on being touched. After remaining thirty 
minutes under water, the animal was laid upon flannel, in an 
atmofphere of 6i°, with its head inclined downwards; it foon 
began to relax the fphinCter mufcle which contra&s the (kin, 
flow refpirations commenced, and it ‘recovered entirely, without 
artificial aid, after two hours. Aricfther hedge-hog fubmerfed 
in water at 94°, remained quiet until after five minutes; ‘about 
the eighth minute it ftretclied itfelf out, and expired at the; 
tenth. It remained relaxed, and extended, after the ceflatioi> 
ofthevilal fun&iohs; and its mufcles were relaxed, contrary 
to thofe of (he animal drowned in Ihe colder water. 

The irritability of the heart is infeparably cohne&ed with Cbnneftion of 
Vefpiration. Whenever the inhaled gas differs in its properties 

from f 
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from (he common atmofphefe, the mufcular and fen Able parte 
of the fyftem exhibit the change: the actions of the heart arc 
altered or fufpended, and the whole mufcular and fenforial 
fyftems partake of the diforder : the temperature of animals,- 
as before intimated, feems altogether dependant on the refpU 
ratory functions, although it dill remains uncertain in what 
manner this is effected. 

The blood appears to be the medium of conveying heat to 
the different parts of the body ; and the changes of animal 
temperature in the fame individual at various times, or in its 
feveral parts, are always connected with the degree of rapidity 
of the circulation. It is no very wide ftretch of phyfiological 
deduction to infer, that this increafed temperature is produced 
by the more frequent expofure of the mafs of blood to the 
refpiratory influence, and the (ljort time allowed in each circuit 
for the lot's of the acquired heat. 

The blood of an animal is ufually coagulated immediately 
after death, and the mufcles are contracted ; but*, in fome pe- 
culiar mqdes of death, neither the one, nor the other of thefe 
effedls are produced : with fuch exceptions, the two phenomena 
are concomitant. 

A preternatural increafe pf animal heat delays the coagu- 
lation of the blood, and the laft conlradlions of the mufcles : 
thefe contradlions gradually difappear, before any changes 
from puttefa&ion are manifefted; but the cup in the coagulum 
of blood does not relax in the fame manner ; hence it may be 
inferred, that the final contraction of* mufcles is not the coagu- 
lation of the blood contained in them; neither is it a change in 
the reticular membrane, nor in the blood- veflTels, becaufe fuch 
contractions are not general throughout thofe fubftances. The 
coagulation of the blood is a certain criterion of dealh. The 
reiterated vifitations of blood are not eflenlial to mufcular 
irritability, becaufe the limbs of animals, feparated from the 
body, continue for a long time afterwards capable of contrac- 
tions, and relaxations. 

The conftituent elementary materials of which the peculiar 

combinations of am * ma t an( j vegetable fubftances confift, are not feparable by 
living matter are ° 4 J 

uanfient, and any chemical procefles hitherto inftituted, in fuch manner as 

to allow of a recombination into their former ftate. The com- 
petition of thefe fubftances appears to be naturally of tranfierit 
duration! and the attractions of the elementary materials which 

form 
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fcr m the giofi fubilance^ are.f^ loofe anc] unsettled, that they 
are all decompo fed without the intervention of any agent, merely 
bjr the operation of their own .elementary parts on each other. 

An extenfive difcuflSon of the chemical properties attaching Difficulties at- 
to the matter of mufcie would be a labour unfuiled to this ^^ifarchTntp 
occafloa ; *1 fhould not, however, difcharge my prefent duty, thcfe objeds. 

If I omitted to fay, that all fuch inveftigations can only be 
profitable when effeded by fimple procefles, and when made 
upon the raw materials of the animal fabric, fuch, perhaps, as 
the albumen of eggs, and the blood. But, until by fyntbetical 
experiments the peculiar fubftances of animals are con^pofed 
from what are confidered to be elementary materials, or the 
changes of organic fecretion imitated by art, it cannot be hoped 
that any determinate knowledge (houid be effcblifbed upon 
which the phyfiology of mufcles may be explained. Such 
refearches and inveftigations promife, however, the moll pro- 
bable ultimate fuccefs, fiuce the phenomena are neareft allied 
to tbofe of chemiftry, and Jfince all other hypothefes have, in 
their turns, proved unfatisfa&ory. 

Fads and Experiments tending to fupport and iUuftrate the pre* 
ceding Argument. 

An emaciated horfe was killed by dividing the medulla fpi- Temperature of 
nalb, and the large blood-veflels under the firft bone of the aiffer- 


fiemuro. ent animals. 

The temperature of the flowing blood was 103° Thc horfe * 

Spleen - - 103 

Stomach - - 101 „ 

Colon - - 98 

Bladder of urine 97 

Atmofphere - 30. 


Three, pigs, killed by a blow on the head, and by the imrae- Pigs* 1 

diatedivifion of the large arteries and veins, entering the middle 
of the befis of the heart, > had the blood flowing from Ibefe 
vefiels of 106, 1 06§, and lp7 a j the atmofphexic temperature 
being at 31°. 

An ox, killed in a fonilar manner, the blood 103 ; atmo- An ox. 
fphere50°. 

Three (beep, killed by dividing the carotid arteries, and Shee^. 
internal jugular veins: their blood 105, 105, j05| Q ; at- 
fflpfphere 41 p . 

Vol. XI. — AugusTi 1805 S Three 
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Three frogs, kept«for many days in an equable atmofphere 
at 54° ; their flomachs 62. p 

1 Fluid of dropfy. The watery fluid iffuing from a perfon tapped for dropfy 

of the belly 101° : the atmofphere being 43°, and the tera- 
. perature of the fuperficies of the body at 96°. 

Thefe temperatures are confiderably higher than the com- 
mon eflimation. 

A man’s arm being introduced within a glafs cylinder, it 
was duly clofed at the end which embraced the head of the 
humerus; the veflel being inverted, water at 97° was poured 
in, fo as to fill it. A ground brafs plate clofed the lower 
aperture, and a barometer tube communicated with the water 
at the bottom of the cylinder. This apparatus including the 
arm. Was again inverted, fo that the barometer tube became a 
gage, and no air was fuflfered to remain in the apparatus. On 
the flighted action with the mufcles of the hand, or foTe-arm, 
the Water afcended rapidly in the gage, making librations of 
fix and eight inches length in the barometer tube, on each 
cont raft ion and relaxation of the mufcles. 

Crimping of fi(h The remarkable effeCts of crimping fifh by immerfion in 
cannot be effea- wa f er# after the ufual figns of life have difappeared, are worthy 
tf death. 8 ^ attention; and whenever the rigid contractions of death have 

not taken place, this procefs may be praCtifed with fuccefs. 
The fea fifli deflined for crimping are ufually ftruck on the 
head when caught» which, it is faid, protraCts the term of this 
capability ; and the mufcles which retain this property longed 
are thofe about the" head: Many tranverfe feCtions of the 
' mufcles being made, and the fifh immerfed in cold water, the 

contractions called Crimping take place in about five minutes; 
but, if the mafs be large, it often requires thirty minutes to 
complete the proCefs. 

Experiment. Two flounders, each weighing 1926 grains, the one being 
Two fifh were in a flate for crimping, the other dead and rigid, were put into 
ofthe m crimpeu . water at 4 ' 8 °» eac ^ being equally fcofed with a knife. After 
it, ijccific gra- half an hour, the crimped fifh had gained in weight 53 grains, 

^bfdute weight S ^ ,e ^ eac * A A* ^ ^ grains. The fpecific gravity of the 
was increafedby crimped fifli was greater than that of the dead fifli, but a 
crimping. quantity of air-bubbles adhered to the furfaces of the crimped 
mufcles, which were rubbed off before weighing; this 1 gas was 
not inflammable. 

The 
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The fpecific gravity of the crimped fifh - - 1,103 

of the dead firti, after an equal 

immerlion in water -• 1,090. 

So that the acccffion of water fpecifically lighter than the 
mufcle of fitb, did not diminiQi the fpecific gravity of crimped 
mufcle, but the contrary : a proof that condenfation had taken 
place. 

A piece of cod-fifij weighing twelve pounds^ gained to Other fubftances 
weight, by crimping, two ounces avoirdupois; and another 
lefs vivacious piece, of fifteen pounds, gained one ounce and 
half*. 

The hinder limb of a frog, having the (kin dripped off, and 
weighing 7 ^ t \j grains, was immerfed in water at 54°, and dif- 
fered to remain nineteen hours, when it had become rigid, and 
weighed IOOJ grains. The fpecific gravity of the contracted 
limb had increaied, as in the crimped fith. 

Six hundred and thirty grains weight of the fubfcapularis 
mufcle of a cal£ which had been killed two days from the 
10th of January, was immerfed in New River water at 45°. 

After ninety minutes, the mufcle was contracted, and weighed 
in air 770 grains : it had alfo increafed in fpecific gravity, but 
the quantity of air-bubbles formed in the interfticial fpaces 
of the reticular membrane made it difficult to afcertain the 
degree. 

Some of the fmalleft fafciculi of mufcular fibres from the Fibrils of 
fame veal, which had not been immerfed in water, were placed 
on a glafs plate, in the field of a powerful microfcope, and water, 
a drop of water thrown over them, at the temperature of 54°, 
the atmofphere in the room being 57°. They inflantly began 
to contract and became tortuous. 

On confining the ends of another fibril with little weights 
of glafs, it contracted two-thirds of its former length, by 
fimilar treatment. The fame experiment was made on the 
mufcular fibres of lamb and beef, twelve hours after the 
animals had been killed, with the like refults. Neither 

# I am informed that the crimping of frefh water fifhes requires 
hard water, or fuch as does not fuit the purpofes of wathing with 
foap. This fa£t is fubftantiated by the practice of the London fifh- 
mongers, whofe experience has taught them to employ pump water, 
or what is commonly called hard water. 

S 2 vinegar. 
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vinegar, nor water faturated with muriate of foda, nor (hong 
ardent fpirit, nor olive oil, had any fuch effed upon the muf- 
CttW fibres. 

The amphibia, and coleopterous infe&s, become torpid at 
34°* At 36° they move (lowly, and with difficulty ; and* at a 
lower temperature their mufdes ceafe to be irritable: The 
mufdes of warm-blooded animals are fimilarly aflfeded by 
cdd. 

The hinder limbs of a frog were (kinned and expofed to 
cold at 30°, and the mufdes were kept frozen for eight hours* 
but on thawing them, they were perfectly irritable. 

The fame procefs was employed in the temperature of 20°. 
and the mulcles kept frozen for twelve hours* but that did not 
deffroy the irritability* 

In the heat of 100°* the mufdes of cold-blooded animals 
fall into the contradions of death; and at 110°, all thofe 
of warm blood, as far as thefe experiments have been ex- 
tended* The tnufcles of warm-blooded animals* which always 
contain more red particles in their fubftance than thofe of 
cold -blood, are foon deprived of their irritability, even al- 
though their relative temperatures are preferved ; and ref- 
piration in the former tribe is more eflential to life than in the 
latter. 

Many fubftances accelerate the ceflation of irritability in 
mufdes when applied to their naked fibrils* fuch as all the 
narcotic vegetable poifons, muriate of foda, and the bile of 
animals ; but they do not produce any other apparent change 
in mufdes* than that of the laft contradion. Difcharges of 
eledricity palled through mufcles, deftroy their irritability* 
but leave them apparently inflated with fmall bubbles of gas ; 
perhaps fome combination obtains which decotppofes the 
water. 

The four feparated limbs of a recent frog were ikinned* and 
immeried in different fluids; viz. No. I, In a phiabcontaining 
* fix ounces by meafure of a faturated aqueous folution of liver 
of fulphur made with potafli; No. 2, In a diluted acetic 
acid, confiding of one drachm of concentrated acid to fix of 
water; No 3, in a diluted alkali* compofed of caufiic vegetable 
alkali one drachm, of water fix ounces; No. 4, in pure dif- 
tityed water* 

The 
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The phials were ail corked, and the temperature of their 
contents was 46°. 

The limb contained in (he phial No. 1, after remaining: 
twenty minutes, had Required a pale red colour, and the 
mufcles were highly irritable. 

The limb in No. 2, after the fame duration, bad he* 
come rigid, white, and fwollen ; it was not at all irritable. 

By removing the limb into a diluted folution of vegetable 
alkali, the mufcles were relaxed, but no figns.of irritability 
returned. 

No. 3, under all the former circumftances, retained Ha pre- 
vious appearances, and was irritable, but lefs fo than No. 1. 

No. 4 had become rigid, and the final contradioo had taken 
place. 

Other caufes of the lofs of mufcular irritability occur in Mofcular Irma- 
pathological teftimonies, fome examples of \jvhich may not be ^ 4,| ty deftroyed 
ineligible for the prefent fubjed. Workmen wbofe hands are y 0t ** MU C? * 
unavoidably expo fed to the contact of white lead, are liable 
to what is called a paify in the hands and wrifts, from a tor- 
pidity of the mufcles of the fore arm* This affection feesns 
to be decidedly local, becaufe, in many infiances, neithef 
the brain, nor the other members, partake of the difordec ; 
and it ofteneft affeds the right hand. An ingenious p radical 
cheraift in London has frequently experienced fpafma and 
rigidity in the mufcles of his fore arms, from aiffufions of 
nitric acid over the cuticle of the hand and arm. The ufe 
of mercury occafionally brings on a fimilar rigidity in the 
mafieter mufcles. 

A final ler quantity of blood flows through a raufcle during Left blood flows 
the ftate of contradion, than during the quiefeeni ftaie, as a 
is evinced by the pale colour of red mufcles when contraded. 

The retardation of the flow of blood from the veins of the fore 
arm, during venaefedion, when the mufcles of the limb are 
kept rigid, and the increafed flow after alternate relaxations, 
induces the probability, that a temporary retardation of the 
blood in the mufcular fibrils takes place during each con- 
traction, and that its free courfe obtains again during the re- 
laxation. This ftate of the vafcular fyfieni in a con traded 
mufcle, does not, however, explain the diminution of its 
bulk, although it may have fome influence on the limb of a 
living animal. 

When 
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When mufcles are vigoroufly con traced, their fenfibflily 
to pain is nearly deitroyed ; this means is employed by jug- 
glers for the purpofe of fuffering pins to be ihruft into the 
Calf of the leg, and other mufcular parts with impunity: it is 
indead reafonable to expelt, a priori , that the fenfation, and 
the voluntary influence, cannot pafs along the nerves at ‘the 
fame time *, 

In addition to the influences already enumerated! the human* 
mufcles are fufcepiible of changes from extraordinary occur- 
rences of fenflble impreflions. Long continued attention to 
ititerefting vifible objects, or to audible fenfations, are known 
toexhauft the mufcular ftrength : intenfe thought and anxiety, 
weaken the mufcular powers, and the paffions of grief and 
fear produce the fame efFelt fuddenly : whilft the contrary 
feelings, fuch as the profpelfc of immediaite enjoyment, or 
moderate hilarity, give more than ordinary vigour. 

It is a very remarkable fad in the hiftory of animal nature; 
that the mental operations may become almoft automatic! and, 
under fuch habit, be kept in a&ion, without any interval of 
reft, far beyond the time which the ordinary ftate of health 
permits, as in the examples of certain maniacs', who are en- 
abled without any inconvenience, to exert both mind and 
body for many days inceflantly. The habits of particular 
modes of labour and exercife are foon acquired, after which, 
the alt ions become automatic, demand little attention, ceafe 
to be irkfome, and are effected with little fatigue : by this 
happy proviflon of nature, the habit of induftry becomes a 
fource of pleafure, and the fame appears to be extended to 
the docile animals which co-operate with man in his labours. 

Three claflfes of mufcles are found in the more complicated 
animals. Thofe which are conftanlly governed by the will, 
or directing power of the mind, are called voluntary mufcles. 
Another clafs, which operate without the confciopfnefs of the 
mind, are denominated involuntary ; and a mixed kind occur 
in the example of refpiratory mufcles, which are governed by 
the will to ^ limited extent ; neyerthelefs the exigencies of the 

• I have often obferved that a fmall ele&ric (hock may be re- 
vived without pain through the mufcles of the forearms but I 
imagined it to be owing to the want of power in fuch a (hock to 
jnereafe the contraction. — N. 

animal 
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animal feelings eventually urge the refpiratory movements in 
defpigbt of the will. Thefe lad mufcles appear to have be- 
come automatic by tlie continuance of habit. , 

The ufes of vqluntary mufcles are attained by experience, Voluntary sc- 
imitation, and inftrudion : but forae of them are never called ti ?“ inquire 

. , ^ education} the 

into action among Europeans, as the mufcles of the external involuntary are 

ears, and generally the occipito-frontalis. The purely invo- b > ltl ~ 
luntary mufcles are each aded upon by different fubftances, 
which appear to be their peculiar ftimuli ; apd tfyefe ftimuli 
co-operate with the fenforial influence in producing their con* 
tractions ; for example, the bile appears to be the appropriate 
ftimuli)* of the mufcular fibres of the alimentary canal below 
the ftomach, becaufe the abfence of it renders thofe paffages 
torpid. The digefted aliment, or perhaps the ga (trie juice in -a 
certain, (late, excites the ftomach. The blood fliroulates the 
heart, light the iris of the eye, and mechanical preffure feems 
to excite the mufcles of the Gefqphagus. The lad caufe may 
perhaps be illuflrated by the inflances of compreflion upop 
the voluntary mufcles, when partially contracted* of which 
there are ppany familiar examples. Probably the mufcles of 
the oflicula audit us are awakened by the tremors of found; 
and this may be the occafion of the peculiar arrangement ob** 
iervable in the chorda tympaoi, which ferves thofe mufcles. 

. extraneous ftimuli feem only to ad in conjundion Stimuli (ttmrn 

Urith the , fenforial power, derived by thofe mufcles from the excitc 
gfpgljpXed pefves, becaufe l|ie paffions of the mind alter the 

^dions of the heart, the alimentary canal, the refpi- blin S th e paf* 
(atogr xpufelesi and the irif; fo that probably t|ie refpedivCN fioil,# 
fiiipuli already enumerated, only ad fubferviently, by awak- 
ening the attention of the fenforial power, (if that expreffiou 
may be allowed,) and thereby calling forth the nervous in- 
fluence, which, from the peculiar organization of the great 
chain of fympathetic nerves, is effeded without confcioufnefs : 
for, when the attention of the mind, or the more interefling 
p afljoas prevail, all the involuntary mufcles ad irregularly, 
and unfteadily, or wholly ceafe. The movements of the iris 
of the common parrot is a (hiking example of the mixed in- 
fluence. 

The mufcles of the lower tribes of animals, which are often Lower tribes of 
entirely fupplied by nerves coming from ganglions, appear of» nima,# 
this clafs | and thus the animal motions are principally regu- 

lated 
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ktefd by the extern*! fiitmift, of which the ecca rreneefcc rif # 
to agree with the animal neceflStiea: but the exterrfive Hfaf* 
trations which comparative anatomy srfiords on tbw point, arfO 
much too copious for any detail in this place. 

The nervous There are tvvoflates of mufcles, one aCtive, which is that 
conttanUy^ttive °f contraction, the other, a ft ate of ordinary tone, or relaxa- 
through life. tion, which may beconfidered paflive, as for as it relates to 
the mind ; but the fenforial or nervous power feems never to 
be quiefeent, as it refpefts either the voluntary or involuntary 
mufcles during life. The yielding of the fphin&ers appears to 
depend on their being overpowered by antagonift mufeies, 
rather than on voluntary relaxation, as is commonly fuppofed. 

I have now finiflied this endeavour to exhibit the more 
recent hiftorical faCts conne&ed with mufcular motion, 
pondufion. It will be obvious to every one, that much Remains to be 
done, before any adequate theory can be propofed. I have 
borrowed from the labours of others, without acknowledge- 
ment, becaufe it would be tedious to trace every faCb, and 
every opinion to its proper authority : many of the views are 
perhaps peculiar to myfelf, and I have adduced many general 
aflumptions and condufions, without offering the particular 
evidence for their confirmation, from a defirc to keep in view 
the remembrance of retrofpe&ive accounts, and to combine 
them with intimations for future refearch. The due cultiva- 
tion of this interefting purfuit cannot fail to elucidate many 
of the phenomena in queftion, to remove premature and ill- 
founded phyfiological opinions, and eventually to aid in ren- 
dering the medical art more beneficial, by eftablilhing its 
doCtrines on more extenlive and accurate views of the animal 
economy. 

•" ’ ‘ VI. 

On the Meufure of Mechanic Power. In a Letter from 
Mr. J. C. Hornblowkr* 

To Mr. NICHOLSON. 

Dear Sir, 

Mtafose cl I AM glad to find that fomebody has feconded my motion 
^ >Wtr Concerning horfe power, and I hope the fubjeft wilt not bedif- 

mifled 
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aMfifed^rttflftbas patted the unanimous aflbttt of beffi IheOtetteMcrfure of 
aiR^I^Eaflii^iRiPchafliefr^ and I mod here exprefs m y acknfcw- p0WGr *> 
ledgmeot* to Air. Gregory for hit improved method of decid- 
ing the queftion. It is of abfolute importance, that the draught* 
te iwadfrcufer dtpfe&ion, andalfo that the- tadms of Ibe circle 
Mgrtert; for no pofitkm was ever more demonftraMti thasf 
thatlhe left the radius the lets can a horfo ( wbofo fide* ard 
eqoet) exert hfr foeulty oftreftion. '• ' ' 

Birf l mod beg leave loufea littfe freedom (in no wtfeun* 
bec o min g, I hopdi) in adverting to what Mr. Gregory itt 
eot^uOdKon wilb FTofoffbr Robtfonhas advanced on thefabu 
jea of Mr. Smeaton's mode of defining fitcehltfdc pvMr* and 
Ond I amfurprifed that among men of latent 
avd affiditojr there 1 ortft be a difference of opinion. It foema 
feme, that if ariy*reafoti can be found, it mttft be that we do 
net tmdvrfhmd the fufcje£t,and, perhaps I may give a decided 
proof of it ‘in -what I (hall advance concerning it. - 

Uewejrer, lam fore that when a ball of cad iron, of twenty 
mches dittueter is elevated by means of a pinion and wheel 
conneded to the fides of a pair of flteers, and left to hang 
there a little While,— if I cut' the rope that fuftarin* it, it will 
m freely a certain height, in a certain portion of time, and 
would daflt a faulty cylinder of a fleam engine irt pieces* 

And I am fo WeH fatWfied that there Was a certain tendency 
in this Ml to fall towards the centre of the earth, that 1 1 need 
not take a moment to examine the truth' of it ; but that the 
defoliation of the cylinder was occafioned by the baH ftWnjg 
from tbe point to which it was failed, (how it was ratfed is no 
part of the fubje&.) Then I fay, that if the ball had nof 
fallen from the height it was, or if the ball had not been fo 
heavy as it was, or if it had had its velocity retarded by any 
means, the cylinder would not have been broken. I will 
add, that had this ball been a true fphere, and the cylinder 
had not been there, but a certain curved forface in its place* 
which fiioukl have 'received the ball to prevent it impinging 
in the Ifnd of defeent, it would have been turned out of its 
courfe conformably to the nature and pOfition of the curve : 
and all that is* 'above common appreheniion in this matter, is, 
that while the ball was falling, its velocity was increasing 
every infiant, and that when it met with : the curve (if it gave 
k an horizontal courfe) it would proceed with uniform velocity 

juft 
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MeaTore a ( 'foil twice the (pace’ through which it fell, allowing the fame 

mechanic power * r .... . r . . . . r ... 

orefied. time far ibis horizontal courfe it had m falling its perpen- 
dicular height, and that its tendency is tocontinue that courfe 
for evqr. 

From Ibis ftatemept of the law of. bodies jn motion, (fa far 
as it gees) I think we, need not be #ery diffident in faying, 
that »t is Igom timUar fa$s* (though lefs phifefopbically ohfarv* 
ed) that we obtain our primary ideas of motion* The apple 
falling from the tree is a eery good in fiance to the point, and 
ft; wpuld not require a. vary extraordinary, firetch A of geows to 
apply fach an accident as that to any thing, like the- pile 
fogine, Ramping prefs, &©. 1 o • 

But there are certain fpeeulative maohsme*. who in their mode 
of accounting, for effe&s like what are borei tinted, have chofae 
to. adopt terms of a eery diffident import, apd far feme .latent 
feafan with to keep gravitation) out of ight. The writer of 
the article Dynamics in the Supplement qf ibft .Encyclopedia 
Bptannies, calls it preffure, apd by bis way of pbilofephifing in 
the. explanation ,of jthe ipealufe. of mechanic power, has(in 
my opinion) laboured to make it as-roytiertous as poffibk. i 
I muft for the fake ot tbpfe of yofr readers who bago^not 
the work to refer to, quote a few pafiagos now and thenfeew 
fhe above popular work, and here. J, would refer themj to 
the article on Machinery, wliprc he begins by .gating# that 
different notions have been entertained , on Ibis fob) eft by 
Leibnitz, des Cartes, and other eminent mechanics of the lad 
century, and adds, *' that fome qf the mofi eminent praditianer* 
qf the prefent times (for me mqjjt . include Mr • $wat°* fa the 
number ) have given meafkires qf mficheqncai power in machinery, 
which uie think inaccurate > and tending to cn oecQus conclufinns 
and maxims 

He then proceeds to explain and demonfirate the true 
meafure of mechanic power, and he begins by fuppofing a 
man prefling uniformly qn a mate of matter for a certain time, 
and going on with the fobjeft takes occafion. to diftioguilb 
between Ore weight of a body and its hcavinef* t and, towards 
the latter end of that fe&jpn he comes to feme fort of. a con* 
clufion of the fubjeft, fo far as to fay what is the real mcefareof 
mechanic power : I fee I muft make eodlefs quotations if I 
regard the very letter of his argument, but I hope I (ball he 
cxcufcd s however I will quote the left paragraph verbatim# 

Relating 
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Relating to the prepare of the man juft mentioned, he fays, Meafutt of 
" but farther we know, that this preflure it the exertion **Z^g*£* V 0 "** 
we have no ot^er notion of our own force, and our notion of 
gravity, of eladicity, or any other natural force is the fame^ 

We al(b know, • that the continuant pf this exertion fatigues 
aod* -exbauftff our drenglh as completely as the rood violent 
motion. A dead pall as it is called of a hor feat a pod fixed 
irv jhe ground, js^rtifua) trial of his drenglh. No man caa 
hold out his frm hpfiEontallyfor much more than a quarter of 
M hpur^ apdi the mention of the lad minutes gives the moft 
didr effing fatigue, and difcbles the (boulder for a&ion for a 
confaLerablc time alter. This is therefore an expenditure qf 
mechanical poster jp s the firid primitive finife of the word. Of 
this expenditure 7 we have an exalt and adequate eftje# and 
meafure in. the quantity of motion produced, that is in the 
product of the quantity of matter ,by the velocity generated 
in it by this exertion. And it mud be particularly noticed* 
that the meafure is applicable-even Jto oa(es where no motion 
is produced by the exertion; that is, if we know that the 
exertion which* is judo n able to dart a block pf done lying on 
jt fmooth pavement, but would dart it if incrcafed by tb$ 
f mailed addition, and if we know that this would generate 
in a fecond 32 feet of velocity in 100 pounds of matter, wp 
are certain that it was a preflure equal to the weight of this 
IOO pounds. It is a good meafure, though not immediate 
and may be ofed without danger of miftake when we have no 
ether.” 

I diould not have quoted fo much of this fe&ion, if it had 
not been that I think it contains an unequivocal interpretation 
of the writers notion of the true meafure of mechanic poorer, and 
at once exhibiting, in my proud opinion, the fallacy of the 
doftrine in toto. What ! (hall mere mufcular exertion, 
whether of hprfe or man, be effeemed even an auxiliary to 
get the conception of the nature of the thing ; how much left 
then (ball it be fei forth as the thing itfelf? In perfect con. 
fonance with this writer, Mr. Gregory, page 152, Philofophical 
Journal, Vol. XL fays, fuppofe that a horfe while danding 
dill, fudains by means of a rope and fimple fixed pulley, a 
mats of an hupdred weight, and thus keeps it fufpended at 
the- lop of a well for the fpace of a minute; neither the 
animal nor the weight moves : but (hall we fay, in conformity 

* Article Machinery, Supplement, 4th fee. 

as 
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Meafure of as H would ffeem wftb Mr;£meaton*s nieafore, that Acre is 
wcfibSf P ° WCr P ower c *P en ^edi no fcflfeftpfodaced. €Ki ffie contrary we 
know there h a power expended, and that eflb&, if Sufficient \y 
long continued, would Completely tire ihe horfe. Then let 
us have a poft inrftead of the horfe, a«d ; furCly that wiH not 
tire, and what wiH be the cbiifequence then ? Why then there 
will be no power expended, and ho effect produced ; artd I 
beg leave to afk my bpponents, what is the' 1 power expended 
when a horfe or other spmh at is placed 'theftT to fuftahi th^ 
weight ? is it any more than the experfce 6f nervous Ok 
mufcular action; and has that anj ahstogy with a Weight 
defeending through a given 1 fpace, either uniformly or ac- 
celerated ? and, I afk again, what is the effect produced more 
than what is produced by the poft ? the horfe does but keep 
the weight from dropping into the welf, and the poft will do 
the fame ; indeed you may ftiy, that when you bang up your 
hat, that the pin which faftains it, prevents' it from falling, as 
does the horfe the mafs m the well, and thfct therefore there 
imuft be fome power expended oh Ac pin. 

It is really difficult to be grave on this occafion ; but I fee! 
myfelf retrained by the magnitude of the fubjedt, and its im- 
portance to the community. Profeftor Robifon fays, when a 
man holds out his arm horizontally, the exertion towards the 
end of a quarter of an hour gives the moft diftreffing fatigue, 
and then fays this is an expenditure of mechanical power, 

‘ which I (hall take the liberty to deny for the prefent. But is 
it fuch a mechanical power as Smeaton’s, or in fine, is it a 
power made up of a mafs of matter moving with any deter- 
minate velocity either uniform or accelerated? If the learned 
Profeffor intended to familiarize the dodtriue to people of 
common fenfe, he could not have chofen a more indirect and 
perplexing example. 

But let us attend a little further to the fubjedfc in the fourth 
fedlion of the article Machinery, Sup. Ency. Brit. There he 
fays, that •• when a man fupports a weight for a Angle in- 
ftant, he certainly balances the prefliire or adtion of gravity 
on that body," by the way here is a great want of precifion 
m the expreffion, " prcjjurc or aftion of gravity” as if they 
were fynonimous terms, whereas prcjjkrc certainly denotes 
rcpulfion , if the term will bear any definition at all, and to 
explain the term gravity if it will not admit of attraction , I am 

fare 
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(are it cannot bo called repuHioe, but to proceed, “ i*d heM^fr^** 

. . . . . r - mechanic power 

continues this action as long as he continues to Support it, or cffea. 

and we knew, that if this body were at the end of >a horizon* 
tal arm turning round a vertical axis , . the fime effort which the 
man exerted in merely carrying the weight, if now exerted on 
the body by puthing k horizontally round the axis, will gene- 
rate in it the fame velddty which gravity would generate by 
its falling freely.” 

A more erroneous proportion was never introduced to the 
.theory or pra&ice of mechanics. What, is there no difference 
in a man carrying a load on his (boulder, and putting it intb 
a truck ? or to coibe nearer the Brofeflbr's proportion, let the 
man who has to carry two hundred pounds for one mile be 
permitted to take the weight hem his fhouldcrs, and reft It oh 
the arm of any thing like a horffe wheel, perfectly detached 
from the mill geaf, let the gudgeons* be oiled, and then ldt 
him ** pujk” it horizontally round its aim, until he has travelled 
a mile. 

Now without afking the man which he4ibes«beft, let us fefe 
what he does by placing bis load on the *a fm of the horfe- 
wheel, and pulhing it. round. Why, be certainly overcomes 
the additional fri&ion which his load has added to the weight 
of the wheel, and that is all, and if you will let us have 
gudgeons which have no fri&ion, the man need not to walk 
far to pofh »the horizontal arm into perpetual motion. 

But now for the tnonflrotis condufion by (his propofitioti, 
u If the man's exert ion was employed to generate motion in- 
ftead of counteradling gravity, he would generate during that 
minute the fame motion that gravity would; 'that is 6*0x 52 
feet velocity per feednd in a mafs of 30 pounds. There 
-would be 50 pounds of waiter moving with the velocity df 
J920 feet per feoond. We would exprefs *hfe produ^toh 
or ©fleA by 50x 1920, dr by 5T60Q as the meafdre -of'tfte 
man's exertion during khe minute.” 

Here is<ev««tenlty ta typographical error, ficond, for minute, 
but -when we admit feppofttiom for the -fake of iMuftration, 
there ought to be feme conformity in the fuppofition to the 
fed it is untended to Ulilftrate: then d would afk, Where's 
the man who can generate 32 'feet of velocity in a mafs df 
50 pounds in one fccond ? to be fere he ican let it fall a fefcond, 
but he caadot carry it £2 feci in a focoud; but he fays, " we 
4f would 
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Ideafureof W6uld ejiprefs the produ&ion or effect by 30x1920 Of 

oreffea* 5760 as the meafure of the man’s exertion during the minuted* 

Sir, it is more . than even one of Boulton and Watts' horfes can 
do.— Well may he fay, •« fuch an exertion will completely 
exhaaft a man's ftrength.” 

He then goes on to conftder “ more narrowly what a man 
really does % when he performs what Mr. Smeaton allows to be 
the production of a meafurable mechanical effect. Suppofe a 
weight of 30 pounds hanging by a cord which pafles over a 
pulley, and that a man taking this cord over his (houlder, 
turns his back to the pulley, and walks away from it, we 
know that a mad of ordinary force will walk along railing this 
weight at the rale of ahout lixty yards in a minute, or a yard 
jn every fecond, and that he can continue to do thisi Jor 
.eight or ten hours from day to day, and that this is all he can 
do without fatigue. Here are 30 pounds raifed uniformly 
.130 feet in a minute, and Mr. Smeaton would exprefs this by 
30 x 180 or 5400, and would call this the meafure of the me- 
chanical eflfeCl, and alfo of the expenditure of power. This 
is very different from our meafure 57600. ,, — : Yes* but I hope 
not the lefs conclufive on that account. 

It is wholly incomprebenfible to me why thofe men (who 
have certainly a right to controvert any proportion which 
.appears to them erroneous) (hould take up the fubjedt, aOuming 
points which the do&rine advanced by Mr. Smeaton has no- 
thing to do with. It is clear that*all this animal exertion 
comes at lad to the law of bodies falling in accelerated 
i velocity t which Smeaton allows to be a diftinCt confideration, 
as he fays, “ if the weight defeends quickly, it is (enfibiy 
compounded with another law,, viz. the law of acceleration 
by gravity." But how inconfident is it to go about to eluci- 
date the laws of bodies in motion by the action of a man or a 
horfe. What is the expenditure of animal power but a wade 
of what has been ufually termed by anatomids nervous 
fpirits, or perhaps, an inceptive disorganization of the con- 
stituent parts of;lhe ligaments and mufcles ? in fliort, we may 
compare it to contractions, inflammation, and gangrene, but 
never to the momentum acquired by a body moving through 
,a certain fpace in a certain time. It is remarkable, that all 
this reafoning is about that of which Mr. Smeaton has never 
Aud a word, except in his illudration.of the mechanic power 

neceflary 
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neceffary to give velocity to heavy bodies, where he fuppofes 
a man pufhing an iron ball on an extended plane, and this not oreffcft, 
to try his roufcutar force, or to fee what he can do without 
tiring, bat merely in elucidation of the do&rine he fets out 
with. 

I have not time at prefect t6 piirfre the fubje^t to the 
extent I with, and to enter on the ground of the miftake of 
this great man : nor let it be imagined for a moment that I 
have availed myfelf of * his everlafting abfence, to call in 
qoeftion what he has advanced in refutation of a fuppofed 
error. It would have remained as it was unto a diftant period, 
had it not been, that I fee Mr. Gregory advancing the fame 
opinion, which no doubt he will defend or defert. 

I am. Dear Sir, 

Your obedient Servant, 

JVC. HORNBLOWER. 

If Mr. Gregory (hould read this, I (hall be glad if he will 
fet me right as to the identity of ' animal exei'tion and mechanic 
power. 


Vlt. 

An lnteftigalion qf all the Changes of the variable Star in Sobitfl:i 9 s 
Shield , from Jive Years Obfervations ; exhibiting its 'propor- 
tional illuminated Parts, and its Irregularities of Rotation ; 
with Conjectures rcfpeRing unenlightened heavenly Bodies. By 
Edward Pigott, Pfq 9 Abridged from the Philofophical 
Tranjhtlions for 1805. 

T'hE author begins his memoir with an invefiigation of the The variable 

periods of change in the variable (far in Sobiefki's fhield, G f mSotoetki’i 
. , ° wield, revolves 

which the Tight afcenfion was 279° 9|', and its declination G n its mm in 

fouth 5° 5#, for end of June 1796. Its rotation on its axis * l i 
in 1796 war eft i mated at 62£ days, from a mean of fix obfer- 
vations of its greateft and leaft brightnefs. In the prefent 
paper he gives about 26 fimilar determinations, moft of them 
the refults of very accurate obfervations made in the year 
1796, 1797* 1798, 1799, and 1801. From all thefe refults 
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it was found that the difagreeraentf between the periods of* 
change, as deduced from its full brightnefs, were much greater 
than thofe deduced from its leafi illumination. The former 
gave the mean .period 63 days, and the latter 59| ; and tb<a 
mean of thefe, namely 6l| days, agreeing with the former 
determination to £ day, is a? near as could be expeded in ob- 
servations of this nature* 

Shttdbff The aul ^ or l ^ e nex * pl* ce proceeds to examine fame 
brightnef* do mt other of the changes to which this Aar is fubject. By tabulated 
equity divide observations through the fame feries of years, he finds that the 
Mmfercnce^ l ‘ rae °* decreafe, from the middle of its full brightyi^fe to the 
they divide it as middle of its leafi, is on a mean of 34 days; and that the 
time of its increafe, from the middle of its leafi brightnefs to 
the middle of its full, is in like manner only 27 days. The 
fum of thefe numbers amounting to the period 61, (hews their 
probable exadnefe. Thefe compared and combined with the 
former determinations of 1796, give a mean of the whole 
33’+ and 29 — days. As it thus appears that the time of 
the decreafe is longer than that of the follows of 

courfe, that the places of the full and leafi Wugbtnefs are not 
fituated at the difiance of half the circumference from each 
Other variable other ; and the like circumfiance Mr. P. affirms is found to 
ftanare fimilarly ^ ^ <x f e if not all fbe variable ftars. 

The luminous The next particulars to be reviewed were the durations of 
^T^varhble.* brightnefs without any perceptible change, while at its 
, maximum and minimum. Thefe determinations required a 

tolerable fucceffion of obfervations ; where that is not the oa(e 
he has omitted them in his tables Froof thefe it is found in 
general, that when the degree of brightnefs at its ipaxitnum 
is lefs than ufual, and Us minimum not muchdecreafed, the 
changes take place but very (lowly /and cannot bp fettled with 
much accuracy unlefs the obfervations have been made fre* 
quently and with great attention. He accordingly paflesqgain 
over the feries of years, (hewing the dates ,of i(s magnitudes 
when at its full brightnefs, and alfo when at its lepft bright* 
nefs, and he tabulates at the end of the firfi part of his paper,, 
all the different changes that have been examined. The words 
in the firll column or compartment deferibe them ; in the fer 
cond column the prefent refults are exhibited-; in the third are 
the refults of the former obfervations,; and in the lafi column 
is placed a mean of both computed proportionally, according 
to the number of obfervations of each. 
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TaBIS VIII. 


Rotation cm its axis - - - 

Daration of brightnefs, at its max- 
imum, without any perceptible 
change - - 

Ditto, when it does not attain its 
ufual brightnefs ... 

Duration of brightnefs at its mini* 
mum, without any perceptible 
change - - . . 

Ditto, when it does not decreafe 
fo much as ufual ... 

Decreafe in time, from the middle 
of its full brightnefs to the middle 
of its leaft .... 

Jncreafe in time, from the middle 
of its leaft brightnefs to the 
middle of its full - - 

Extremes of its different degrees'! 
of brightnefs ; with a mean of > 
its ufual variations - J 


Days. 

Days. 

Days, 
on a 

mean. 

61 * 

62| 

62- 

8 + 

14 

n 

20- 

T 

— 

9— 

9 

9 

20- 

. 

— 

34 

28 

33+ 

27 + 

35 

29- 

6 + 

9 or 

0 


5. 

6 


Table of the ge- 
neral affe&iona 
of tbt variable 
flat. 


The author having thus fettled with coniiderable precifion The changes ia 
Ihefe eflential variations of the ftar, proceeds to examine force * 

of its other phenomena, particulaily one which is common to the periods 
ttoft of the changeable flars, and likewife in force degree to h 

OQr fun, namely, that the times of their periodical returns of other, 
brightnefs are in general irregular, — a circuroftance fo inle* 
felling as to enguge our attention, and which induced Mr. P. 
to make the fueceffion of obfervations, in the hope of difeo- 
vering its nature and caufe. With this view be has proceeded 
to tabulate the feries of j ears, fo as to afeertain the apparent 7 

Nations in days from the obferved middle times of its full 
brightnefs, and alfo from the obferved middle times of its 
fell brightnefs, for Jingle periods. From thefe it appears, 

Ibat the periodical returns of brightnefs are uncommonly fluc- 
tuating, and that the differences between the extremes are 
very coniiderable ; to account for which he offers the follow. 

Vol. XI. — August, 1805. T ing 
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ing explanations, fuggefling previouPy a few plaufible con- ' 
j enures, and fome inferences arifing from the obferva^iqrvs 
themfelves *. 

Atoned pofi- 1 ft. That the body of the ftars are dark and folid. 

“’“i* a. 2d. Their real rotations on their axes are regular. 

*• ftars arc _ * i • • 

opake. a. Tbty 3d. That the furroqndtng medium is by times generating 

^doiuu gU, Thcir an ^ a ^ or ^* n S luminous particles in a manner nearly fimilar 
luminous'ip- U to what has been lately fo ingenioufly illuftrated by the great 

pearance is inveftigator of the heavens. Dr. Herfchel, with regard to the 
caufed byanafc- r , 4r , 9 

mofphevc like fun’s atmofphere. 

that of the fun. 4th. That thefe luminous particles are but jpavingfy dijperfed 

in the atmofphere furrounding the variable ftar of Sobieiki, 
singly difperfed appears from the ftar being occafionally diminiflied to the 6.7 
tmtaUf:* 10 * magnitude, and much lefs. July 4, 1799, it was of the 7th; 

September 15, 1798, and Auguft 9, 1803, of the 9th, if nop 
invifible . (See Table VII f.) Does not this indicate a very 
fraall portion of light on its darkened hemijphere f 

5. Probably 5th. And may we not with much plaufibility con fide r them 
final! patches : as fp 0 t s , fome what circular, or of no great extent ? for even 

on its brightejl hemijphere the duration oF its full luftre is, on a 
mean, only 9| days of the 62, or about one-fixth and £ of its 
circumference. (See Table VIII. page 140.) The dimen* 
fions therefore of the parts enlightened feem much circum* 
foribed, and can be tolerably eftimated, and confequently 
may be represented very ftnall, particularly if the powerful 
cjfed of a tittle tight and the length of time a bright fpot is re- 
maining in view be taken into confideration. 

6. Changeable 6th. And a further ground of preemption that thofe prin* 
In their nature; c jp a ] bright parts are but flight patches is, that they undergo 

perpetual changes, and alfo that fuch changes are very vifible 
to us, for moft probably they would be imperceptible, were 
not the bright parts contrafted by confiderable intervals or 
diminutions of light. 

f. Anddcdudble 7th, and laft. We may obtain fome idea of the relative 
fcwnjhe jfaatton w intervals between thefe bright parts, by the obferva- 

* The rdft of the paper is given without abridgement and the 
. author himielf {peaks in the firft perfon. 

f The author refers to his tables in the Tranfa&ions, of which 
the abridged refult has been here given* 

/ • lions 
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liens of the increafe and decreafe of brightnefs, as thereby the 
changes and times elapfed are pointed out. (See Table V. 
page 136$ and Phil. Tranf. for 1797.) 

I have tried practically the efied of the above (apportions, Experiment with 
by placing fmall white fpots on a dark fpbere, which being * fptlere * 
revolved round reprefented the various changes as nearly as 
ooofd be expeded : proceeding therefore with thefe and other 
confiderations, I (hall make ideal drawings of the ftar with the 
fmall illuminated parts in its almofphere, and apply to them 
(base of the adual observations from both the preceding tables, 
having always in view that each period may, more or lefs, 
require a different difpofition of fpots, ip confequence of their 
con&ant changeability. 

1 ft View . 

Plate XIII. Fig. 1, A B, the (tar's polar axis, round which Vico of the (Ur 
its rotation takes place in 62 days from C to D. fccfiS?** 

C D, its equator, the 360 degrees of which being revolved * 

in 62 days, gives nearly 5* degrees for each day's motion ; (be 
brighteft part or fpot is reprefented as centrally facing us, 
and accordingly (hewing the (tar in its greateft luftre. Wert 
this bright fpot and the other parts to remain unchangeable, 
they would after having completed the revolution of 360 de- 
grees, or 62 days, (the (tar's rotation on its axis,) appear 
again as at firlt, and at every return continue to give exad 
periodical times, as was nearly the cafe in 1799, between 
Auguft and October, (fee Table IX. p. 142) ; but if the fpot 
becomes obfeure, and another brightens up in a different 
place, this latter will make the (tar appear at its next full 
fplendpur either fopne^ or letter thap the real rotation accord* 

Jng to its pofilion, thus, 

2d View. 

Fig.l. A full brightnefs having been fyewn by the fame Anomtly (hm 
(pot, it afterwards lofes its light/ and another as bright is pro* 
duced 5 days motion (or 29 degrees) preceding it at £, fee 
> Fig. 2. This latter, when turned centrally to the earth, 
appear 5 day* Jboner than the former one, now obfeured, (here 
marked P.) and (how the (Ur at its foil luftre, making the 
potation 57 days inftead of 62, which was Use cafe in 1796* 
the obferved revolution between September 17 and Novemr 
Iw^. (See Table IX.) 

T3 $4 
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Sd View • 

Another caufing - pig. 3, We w f|| now apply a cafe o f an interval oF too great* 
rwUylong. 4 " length, that of 72 days : the fpot m alone having (hewn us* 
the flar in its full luftre, its light difappears during the revo- 
lution, and another brightens forth ten days (or 58 degrees) 
following i t at H ; when m returns to face us again in 62 day* 
it being obliterated, the flar will appear obfeured, and not 
recover its fplendour until the new brightened part H becomes 
central, which being ten days later than the pofition in which 
m was feen, makes the revolution 72 days indead of 62, as 
was obferved between July Hand September 24*, 1801. (See 
Table IX.) In the above cafe the alterations took place while 
behind the flar, otherwife fome irregularities would have been 
perceived, as will later be noticed. The fame reafoning with 
prpper alterations will, I apprehend, account for the other re- 
volutions, yet I (hall fopn again refuxne the fubjed with re- 
gard to a /cries of tbe.greateft irregularities; at prefent let us 
proceed to take a few views of the intervals^' its leafi bright* 
nefit which, contrary to my expectation, I find much more 
difficult to explain than thofe of the; full, although the re fulls 
di (agree lefs among themfelves. The darkened face of the 
ftar is here reprefented with a few fmall changeable bright 
fpots, placed iu general at a proper difiance r fo as to keep up 
an uninterrupted increafe and decreafe of liglu with regard 
to us, and are alfo made to correfpond with fever al other 
observations. 

Mh View . 

Fig 4 is to explain the greateil interval of 74 days, 
between July 4th, and September 16th 17§9. (See Table X.j # 
The darkened heraifphere here exhibited in its minimum July 
4th, with the following fpots, w nearly gone off, next a fmall 
pne /, then another P of a fimilar fize, preceding the centre a 
day or two, (or a few degrees, (and laftly a bright one at D, 
juft appearing. During the rotation, D Wing its light and the 
P becoming much brighter, the ftar at its next return in 62 days, 
when at its firft pofition, muft of courfe appear much brighter, 
(See fig. 5) but by the retiring of l and P continues to dimt» 
nifh in luftre till the appearance of fome large fpot from the 
other he mifphere; which taking place 1 2 days afterwards, will, 
(when this time is added to the 62 already revolved) make the 

revolution 


pfeateft period 
explained; be- 
tween interval* 
of lead bright- 
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de v oluti on otl 4 day's, as required ; for a view of a (hort inter- 
val, for the prefent let that of 56 day s' be taken between Auguft 
and Oabbor teth 1901. (See Table X.) 

5th Vi<ty. 

The lead b right nefs of minimttni is reprefented by fig. 6, Lead brightnc!* 
when the bright fpots y and x at each extremity of the equa- 
torial diameter art mutually but juft in fight and a minute one, 
r alone on its furface preceding y by 6 days motion : n n, are 
other middling fized fpots near x, but preceding it; they 
cannot for the prefent be feen, being on the oppofite or bright 
featifphere. The fpot x during the liars revolution' having 
loft its light, and r being cOnfiderably increased, the next 
ndnmum will be between n n and r, (in (lead of x andy.) See 
fig. 7 ; and by the retiring of o n the diminution of the liaiA 
fight will continue to take place only until the re-appearance 
of r f at the place where jr was, which being 6 days foonCr than 
the former pofition, (See fig. 6,) reduces the rotation to 56 
days. All the foregoing views are from a neon nested 1 periods. 

Where only the ultimate returns of each appearance have been 
attended to ; but now, I (hall examine a long interval with 
many intermediate changes, that between June 1 8th, and 
September 17th 1796, wherein are included the mod intricate 
irregularities and viciffitudes: thefe obfervations are already 
pointed at fall length in the Philofophica! Tranfa6Hons for 
1797, and therefore can at any time be infpe6ted : indeed, I 
then little thought they would ever become of further ufe, bat 
that of flaring fads, to which, however, I have always been 
very partial, and particularly fo, after having experienced the 
advantage of Maraldi’s printed obfervations on the variable 
ftar in Hydra, as it .«as partly by them that I afeertained the 
periodical returns of bright nefs of that flar, and which flattered 
me the more, as Maratdi himfelf had been lefs fuccefsful 
In the attempt; See Phil. Trans, for 178 6.' Vet in the 
prefent Paper I have omitted all fuch details, being aware 
they might be thought too voluminious, but Hope at fome 
future rim* the Society will hdnour them with a place in their 
fibrary. 

-•The firft fkeftch, Plate XlV.reprefents, for June 1 3, 1796, the 
comparative fize of the bright fpots fuppofed to furround the 
fiaf , but here extended at foil length ; the next eight following 
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Explanation by . are fpberical views, on an enlarged fade, for e*db quartefly, 
2e ^odiol rotat * on ^ fefr# foewing the principal changes, as expreflfed 
ra rildom and in the adjoining remarks, and correfpoodmg with the obfenra* 
** ons 5 ^ IC ^ C * )e * n ^ ® roin m J printed paper, as already 

in SoUelki’t mentioned, are marked in italics. It will be feen that the fpots 

AieM* by which the changes are principally regulated, are placed at 

equal diftances, yet intermediate ones might alfo frequently be 
inferted without occasioning any objection, but that of render- 
ing the explanations more complex. 

REMARKS ON PLATE III. 

Fig. 2. “ June 1 8 th, Full brightnefs Mag • bright 5th,” before 
or after which date the flar would appear left bright, by the 
fpot £ being removed from the centre, and one of the others 
out of view. 

Fig. 3. "July 3d, 15 day » or J rotation being eldpjbi Jim* 
June 1 8th, 5th Mag , a tittle decreafbd” by the removal of the 
brighteft fpot E, the k being much lefs. 

Kg. 4, 41 July 1 9 th, 1 6 days or J rotation 5.6 Mag . JtiU de- 
crcafcd” N being much lefs than h, now gone off. A flight 
minimum .” 

Fig. 5. "July 27th, 8 days af the rotation , 5 Mag. rather 
incrcajhd” by the conftdcrable increafe of X tince four days* 
with the addition of F, a flight full brightnefs. 

Fig. 6. •' Aug. 3d, 7 days qf rotation, 5,6 Mag. deertafed by 
the going of T of N, the E, which is now reappearing, being 
reduced to much lefs than F. 

Fig. 7. “ Aug . 1 9th, 16 days or \ rotation, 5.6 Mag . agoim 
decreqfed,” by the removal of F, by E being much lefs, and by 
- the A alfo being confidently diminilhed. 

Fig. 8. M Sept 3d, 1 5 days or | rotation, 6 Mag. ftiU more 
decrcqftd” by the h being much lefs than E, which is new 
going off, and N fcarcely reappearing, another minimum. 

Fig. 9. “ Sept, nth, 14 days or near $ rotation, 5 Mag. full 
brightnefs cottfidcrably increajbd/* by N having retained its in* 
qreafed brightnefs of July 27, and now facing us centrally. 

. 1ft, Thus are exhibited, the two foort intervals of its full 
brightnefs, one between June 18 and July 27, of 39 days, and 
the other between July 27 and Sept. 17, of 52 days. See 
Table IX. 

idly* 
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8dl;» The interval of 46 days between the two mama of ^Pj* ntdo11 b r 
Jelj 19 mndSepL 3 ; See Table X. th e * 

3dly» The long demafe of 38 day* between July 27 and ▼anationi and 1 

<*»•*. •»* ssritttf 

4thly, The rapid increafes of 3 and 14 days between the 19 in Sobie&Ts 
and 27th of July, and the 3d and 17th of September, 

As alio the other intermediate cbaqges, yet I maft again 
repeat, particularly as a few days error may occafionally pro* 
ceed from the observations, that by thefe (ketches it is not 
meant to give exalt drawings of the fize, diltances or altera- 
tions of the fpots, but merely to (hew how the changes may 
lake place* as, I believe, nothjng of the kind has hitherto been 
offered to the public, either with or without corroborating ob- 
servations ; nor do 1 prefume to think, that the explanations 
are the only ones or bed can that be imagined, the more fo, 
as they folely refer (for greater fimplicity) to the (tar's 
equator, while poflibly, were the fpots placed in a northern or 
fouthern latitude, or permanent ones near the poles, or were a 
proper inclination, given to the polar axis, they might be more 
(atisfaHory : however, the materials tbemfelves, the obfcna* 
turns and dcdu&ions will 1 flatter myfelf ever be acceptable, and 
contribute to facilitate future conjectures, which from an allow- 
able analogy may extend to fimilar parts of the (tarry fyflem, 
with regard to the probability of eflablifhing whether any of 
the rood irregular or particular changes may not return at Jixt 
periods or after a certain number of rotations. I think we oan 
entertain but flight hopes of it, owing to the great flu&uatimaf 
the luminous matter, as (hewn by the perpetual varying of the 
apparent revolutions, magnitudes, &c. See Tab. IX. X, and VII* 

Still it is natural to fuppofe, that fame parts of the atmofphere 
of this Aar may have a Jefs tendency than others to become 
luminous, fo as to promote at different times, fimilar appear- 
ances ; and indeed that is flrongly indicated by the intervals of 
the minima being far more regular thao thole of the full brightncji, 
which, with other reafons induce us to fufpelt even that one 
of its bemifpheres is lefs favourably conit ituled or qualified, 

•than the other for the generating of ibefe particles, although 
they do occafionally encroach on both tides, as appears by the 
obfervations between June and Augufl, See Phil. Trans, for 
1797, or the eight (ketches of 179o, and likewife in 1797, fee 
Tab. VII. when during three months it was only reduced to the 
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and others dif- 
appcar. 


There maybe 
dark ftars. 


5 or 6 Magi by which the decree ofbrigbtncfi that furrounded 
Chanae^ible ft art it, mud have been nearly equal : had the eaufft of varying ilf 
m^ent^ mC ***" light then -ceafed, it would ever have continued to appear as an 
unchangeable fiar of the 5 or 6 Mag. and fuch m the cafe of 
feveral others tbaiformcrlylmvc bten variables, bat for many years 
retain a, Heady bnghtnefs, as & Gemihorum, JUrfae majority 
* Draconic, and perhaps that in the Swanks bread, while others, 
after Jkewing their changes , have entirely disappeared, owing to a 
total abforption of light, as the famous one in Caffiopea, in 
Serpentarius of 1604, that near the Swan's head, and doubtlefe 
many more. Does not this induce us to prefume that theca 
are alfo others, that have nretr Jhtwn a glimpfe of brightnefs ? 
Ladjy, new variables may become fo at different periods, by an 
unufual and partial increafe or diminution of their -bright parts* 
as not unlikely was the cafe of o Geti, Algol «■ Here a 1 is, &c. for 
thefe flars being by times very, confpicuous, their changes, had 
they been always equally great, might have been cafily noticed 
by the anejent adronomers, who obferved only with the naked 
aye. A few lines above, I mentioned the probability that there 
.esdded primary inviiible bodies or unenlightened ftttrs (if I may 
be allowed the expreflion) that have ever remained in etemai 
darkrujh ; bow numerous thefe may be, can never be known, 
pcdjsps ^ lu ^ n Would it then be too daring or vifionary to fuppofe their nuro- 
vifible ones. ^ ers e 9 Qa ^ thofe endowed with light ? particularly when we 
take into contemplation the ample fet of bodies vifible only by 
rede&ed rays, that appertain to our own fyflem, fuch as the 
planets, aderoides, cbmets, and fatetlities. Do not thefe, al- 
though but of a fecondary nature, lead its to venture on the 
foregoing more enlarged conjecture ; and moreowerto fufped, 
that the enlightened fiars are thofe that have already attained 
the highed degree of perfection ? granting, therefore, fuch 
multitudes do really exift, cl u decs of them, by being colie&ed 
together as in the milky-way, mud intercept all mere didant 
rays, and if free from any intervening lights, they would ap- 
pear as dark Jpaces in the heavens, fimitar to what has been 
obferved in the Southern Hemifphere. That fo few of thefe 
obfeure places are perceived, may be attributed to their being 
iobl iterated by the prefence either of fome fcattered flars, or 
of other (light luminous appearances. 

Our fun, . I have thus fully invedigated the nature of this didant fun, 
UMUm?bril a fag 1 ® on « amon 8 “ an y «n»Mion», and feared, perceptible 
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to Hie fight, yet of no lefs importance than onr crtvti g+arld 

luminary. But Our# is ftiH fupptred abundantly with rcfplen* 

dent particles, while 8obie(kiV wimble liar has them mod 

fpartngly difperfcd over its fphere : a fcantinefs that apparently 

rood occafion to its furrounding planets, conftant ticiflitudes 

of uncertain darknefs, and repletion of light and heat. HoW* 

far more envittbfe fee ms our fituatibn ; I mean tbit which 

we enjoy at prefent; (here being ftrong reafons tdbelibve; 

that the fun's luminous appearance has been at times con fU 

derabty dtmintfhed ; and I have little hefilation in conceiving 

that it may aKo be reduced at Tome future period to final! though it may 

patches, and then the apparent irregularities of its periodica! 

rotations, which at prefent are only perceived by the obfer* 

vat ions of trifling dark fpots, would become evidently confpi- 

coous, particularly when feen at a diftance as remote as thb 

Variable flairs are from us. But fuch conjectural flights of 

fancy cannot too foon be dropt. I therefore (hall conclude 

With obferving, that thefe inquiries on (he alterations of light 

of the dan have been fo little difcufled, that it is to be hoped 

they will not be difcontinued ; and although I have already 

troubled the Society with many papers concerning fuch 

changes, I neverthelefs propofe, ere long, having the honour 

of presenting them with one more, moft probably my lad, on 

this fubje&. 

EDW. PIGOTT: 


vm. . 

Account of a Luminous Meteor. By a Constakt Reads** 


SIR, 


To Mr. NICHOLSON. 


Having found it frequently dated, that it might be ufeful, Dcfcriptioa of* 
fhould every one who has a feir opportunity of noting with *** wear***** 

it i t A . conrfea utd du* 

reafonable accuracy, the courle and altitude of meteors, del* ndon of a 
cribe their appearances as well as they are able ; I fend you &ott> ® ettar * 
the following account to make what ufe of you pleafe. 

Lad night (Sunday the 2 Id) pafling along the Strand, I 
flopped at the door of the Crown and Anchor, the vacant 
fpace before it lately caufed by the pulling down of houfes v 

offering 
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Defer! pt ton of 
the appearance, 
courfe, and 
duration of a 
luminous dic- 
teor. 


Platina Ss taken 
ftoa its iblution 

k) ethos* 


PRiCfFITATION OF P LATIN 4. 

offering a conffderable view of &e heavens, at that time 
fplendid wfehftars; I eat looking with attention towards the 
N. W. when fuddenly a meteor from about 35® of height, 
(hot from the W. by N. It was apparently about the fize of 
a tennis ball, perhaps hardly fo large* it was followed by a 
ftrefcm of light which (earned in (pecks, the length of the train 
Was about a degree* that is about twice tbe apparent diameter 
of the moon* Its courfe was from North of Waft towards 
the North, paffing about 10° below the of the Great 

Bear* which I judge was then about 45° above tbe horizon* 
Its motion was majeftic, by no means rapid* I am fare it was 
full ten feconds in motion, the light not fo piercing as that of 
a ftar of the firft magnitude, but exceeded that of the fecond, 
with which I had full opportunity of comparing it. It ran 
through 30° of the heavens, deferibing an arch of great 
diameter, its path was convex above, and declining down* 
wards. The extin&ion of it was at an altitude of about 25* 
having (alien certainly not more than 10°, I do not think fp 
much. It very viffbly (lopped before it was extinguished. 
It burft at laft with very few fparks, and its train and itfeif 
together dibppeared in a moment. I had perfedt lei fore and 
fpace to obferve its whole courfe, it expired below the focond 
pointer, I inftantly drew out my watch, and comparing it 
this morning with the clock of St. Paul’s Cathedral, it was 
exadly at thirty-one minutes after eleven that I obferved the 
end of the phenomenon. 

I api, Sir, 

Your mod obedient humble Servant, 

A Constant Reader. 
Monday, Jtdy 22d, 1805. K 


IX. 


Precipitation qf Platina as a Covering or Defines to polijhed 
Steel, and afy'o to Brafs . In a Letter from Mr, J. Stodakt, 

To Mr. NICHOLSON. 

Dear Sir, 

You kindly favoured me, by inferting in the laft Number 
of your excellent Journal, an account of fc method I have 
3 uled 


Digitized by 


C >gle 



**ICI*l*fATIOW OF *LATI1U. •m 

tfed with foccefs, for gilding poliihed Heel with gold j per* 

haps it may be worth knowing, that a very fimilar procefs 

may be performed with platina. That metal, in a Hate of 

folution, is taken op from the pdd by agitation with ether, in 

the way that gold is, though certainly with lets avidity* The 

ethereal folution of platina afforded by this procefs, is, like 

that of gold, depofited on the furface of poliihed iron, or Heel, cott * * 

forming a coat of defence from ruff. It is perhaps a fall of 

equal importance, that the furface of poliihed. brafs is coated 

with platina by the fame operation that Heel is $ namely, by and aHb brafc, 

plunging the brafs for an inflant into the ethereal folution. 

At far as I know, theft fads have not hitherto been noticed : 
on the contrary, authors highly refpe&able, have from ingeni- 
ous and well conduced experiments, been led to conclulions 
very oppolite to thole I have advanced. Dr. Lewis, to whole Dr. Lewis’s ex- 
genius and indullry the arts are much indebted, fays, u gold ^^nuyeSS * 
is the only one of the known metals which the ether takes 
from acids ; and hence this fluid affords a ready method of 
diffinguilhing gold, contained in acid folutions.” The fame 
author gives the following experiment. “ Sulphuric ether 
was poured into a folution of platina, and into a competition 
of platina and gold. . The vials were ffopt and lhaken, the 
ether received no colour from the folution of platina, but be- 
came inffantly ydtaw from that of the platina and gold .* 9 
The only way in which i cap account for thefe refults, fo con* 
trary to my experience, is by fuppoflng that the platina with 
which Dr. Lewis made his experiments, was not fo pure as 
that with which we are now fumifhed. What I ufed was probably becaufii 
part of an excellent malleable bar, its fpecific gravity I do . 1 p,tUni *■* 
not exa&ly know. I am inclined to think it was quite pure. w>pon * 

The ether was fumifhed by my firiend Mr. Hume, whom I 
am again happy to thank far bis kind and able afliftanee. 

The ethereal falutioo of platina is of a beautiful pale yellow 
colour, does not at all ftain the hand, and is precipitated by 
volatile alcali. The precipitate I have noLexamtned. It may 
be fulminating, and I have no relilh for captations. The coat 
of platina on Heel is of a dull white colour. I have no doubt The platina 
of its proving quite as good a defence from ruff, as the coafr “tw 
of gold. It is, however, by no means fo beautiful ; for which gold, 
reafon a preference will probably be given to the laff named 
metal. I.bswe.ufed both the gold and platimu in coating 

different 
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diferent parts of the fame inftttiment. The effe£l producer! 
by the conlraft of colour is very beahtifuL Whether tin y 
of thefe observations may be worth communicating through 
the medium of your mod ufeful Journal, is a quedion I beg 
leave to fubmit entirely to your judgment. I have not tried 
any of the eflenttal oils with foiutfol of platina ; further ex- 
periments Will probably be made with thefe metallic rotations, 
by thofe who have more time, and a better knowledge cif 
thefe fubje&s. Such purfuits, when the refults are frankly 
communicated, promife to benefit fcience, and mud ultimate- 
ly prove ufeful to fociety. 

I remain with much refpelt. 

Dear Sir, your obliged Servant, 


Strand , July 24, 1 805. 


J. STODART. 


X. 

» 

Experiments on fPootz* By Mr . David Mushett. From tht 
PhUojbphical Tranfa&ions , 1805. 

(Concluded from Page 204.) 

' Forging No. 2. 

Appearances on One half of this cake was heated to a fcarlet (hade, and put 
aTowte; No.*i! under the cutting chide! ; it was at fird druck lightly, then 
reheated, and out comparatively Toft ; but a fmall crack had 
over-run the progrefs of the chide!* Its foftneTs in cutting 
attributed to an evident want of folidity. The other half 
cake felt harder under the hammer, but proved afterwards 
fpongy throughout the mafs. In the a& of dulling, a loofe 
pulverifed matter was difengaged from fome of the cells, 
poflefled of a ihining appearance. 

The fractures obtained in confequence of the divifion of the 
half cakes, pfefented a fUttifh cryftallized appearance, more 
tefembling very white cad iron, than deel capable of being 
extended under the hammer. One of the middle cuts was 
entirely cellular with crydallized interiors, and incapable of 
drawing ; the correfponding cut of (he other half cake was 

drawn 
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drawn into a ftrait bar three quarters of an inch in breadth, 
and three-eighths (Jiick, but was covered with cracks and flaws, 
from end to end. The colour of the break was one (hade 
lighter than No. 1, it tore lefs out, was equally yolky, and 
poffcffed on the whole an afpe& very unfavourable for good 
fleel. 

The other two outiide quarters were alfo drawn into (hape, 
one under the tilt hammer, and the other by hand, Tbefe 
were more folid in the fraCture, pofTefled fewer furface- 
cracks, flood a higher degree of heat, tore out more, and ex- 
hibited a filky glofly grain, at leafl two (hades lighter in the 
colour than the centre pieces. 

Forging 3d Cake. 

One half of this cake, firft fubje&ed to be cut, was found Appearances on 
fofter than any of the preceding, and exhibited no 
tom of cracking. The other half was cut at three heats, ° W °° 9 °* ** 
but found loofe and hollow in the extreme. A confiderable 
portion of the fame brilliant powder, formerly noticed, wa* 
here again difengaged. It was carefully taken up for exami- 
nation, and found to be very fine ore of iron in a pulverefcent 
flate, very obedient to the magnet, and without any doubt at! 
unmetallized portion of that from which wootz is made. 

This carious circumflance led me to examine every pore 
and cell throughout the whole fragments. On the upper fur- 
face of two of them I found final! pits containing a portion of 
the ore, which had been (lightly agglutinated in the fire, but 
Hill highly magnetic. The upper furface of the prefent cake, 
clofe by the gate or feeder, contained a large pit filled with a 
flratum of femi-fufed ore, furmounted by a mafs of vitrified 
matter, which’ bore evident marks of containing calcareous 
earth. 

Thofe who have devoted fufficient attention to the affinities 
of iron and earths for carbon, will be furprifed to find that, on 
this particular fubjeft, the rude fabricators of fleel in Hindoflan 
have got the flart of our more polithed countrymen in the 
manufacture of fleel. 

Two bars of wootz were formed from this cake, and thefe 
in point of quality inferior to* any of thofe formerly produced* 

The appearance of the metal wap more varied, lefs homoge- ■ . r 

neous, end contained more diflinCf laminae with rufiy fur&ces, 
thao .either of the two former cakes. 

It 
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It appeared highly probable, from tb*obfer vat tons that og> 
carred in forging, and in the examination of the cake, that the 
original proportion of mixture wav filch at would have formed 
a quality of fteel fofter than No* 1 and 2 ; but as flee! of filch 
foftnefs requires a greater beat to fufe it, than when more 
fully faturated with carbonaceous matter, it is probable that 
the furnace had not been diffidently powerful to occafion 
complete fufion of the whole mafs, and generate a fteel homo* 
geneous in all its parts. 

Forging teh Cake, 

Appearance* or Both halves of this cake cut pleafantly, and with a degvee 
forging the cake of tenacity and refinance, mixed at the fame time with foft- 
®f wootz, if o* 4* ne fg beyond what was experienced in any of the former cakes. 

Two quarters of this cake were drawn under the tilt hammer, 
and one by hand. The refulting bars were nearly perfed. 
A flight fcale was obfervable upon the bar, from that quarter 
which contained the figure* The fradure was folid, though 
not homogeneous as to quality and colour, and it appeared 
pretty evident, that a confiderable portion of one fide through 
the whole bar was in the date of malleable iron, and of courfe 
pot capable of being hardened. was a fubjed of confider- 
pble regret, that the cake the moli perfed and the mod tena* 
pious of the whole, in the procefs of forging, (hould get an 
imperfedjon whiph rendered it ufele(s for tbe perfed purpofea 
pi fteel. 

Forging 5th Cake • 

Appearance* on The half ^ this c f*K e 01,1 uncommonly fofl fbr woot^, 
forging the cake but by cracking before the phiflel dill exhibited a want of 
©f wootz, No. 5. p r0 p er tenacity. The next half cut equally foft, but with more 
tenacity. Two quarters of this cake drew readily out undey 
the tilt hammer, and a third was drawn by hand at a bright 
red, fopietimes approaching to a faint white heat* None of 
the bars thus obtained were uniformly free from cracks and 
, fcale f although the fradure exhibited a fair break of a light 

blue colour, and the grain was diftindly marked^ and free from 
yolks. 

General Remarks. 

Remarks* ' TheformatioU of woofe appear! to me to be in confoquenoa 
tokfthe 1 ^!!? »°f the fufion of a peculiar ore, perhaps calcareous, or rendered 
dud of a pccur higMjr 
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highly fc by mixture of calcareous earth along with a por- liar ore fuM,* 
Sion of carbonaceous matter* That this is performed in a clay cooUn^ d*y° 
t or other veJTel or crucible, is equally p refundable, in which the vcflel; 
feparated metal is allowed to cool; hence the cryftallization 
that occupies the pits and cells found in and upon the under 
or rounded Surface of the woote cakes* 

The want of homogenUy, and of real folidity in- almoft hJJ n heatnat 
every cake of wootz, appears to me to be a dtred confequence good fufioof 
of the want of beat fufEciently powerful to effed a period 
redudion ; what ftrengthens this fuppolition much is, that 
thofe cakes that are the hardeft, i. e. that contain the greated 
quantity of carbonaceous matter, and of courfe form the mod 
fufible (feel, are always the mod folid and homogenibhs. On 
She contrary, thole cakes, into which the cutting chiflel mod 
eefily finds its way, are in general cellular, replete with 
lamina?, and abound in veins of malleable iron. 

It is probable, had the native Hindodan the means of ren- w b*cb Si the 
dering his call fteel as fluid as water, it would have occurred wasno T^ ln 
to him to have run it into moulds, and by this means have mould*, 
acquired an article uniform in its quality, and convenient for 
thofe purpofes to which it is applied. 

The hammering, which is evident around the feeder and 
Upon the upper Surface in general, may thus be accounted for. 

When tbe cake is taken from the pot or crucible, the feeder 
Will mod probably be (lightly elevated, and tbe top of the 
cake partially covered with fmali mattes of ore and fleel iron, 
which the paucity of the heat had left either imperfectly Sepa- 
rated or uofufed. TheSe mod probably, to make the produd % 

more marketable, are cut off at a fecond heating, and the 
whole furface hammered fmooth. 

J have obferved the fame fads and Similar appearances in 
operations of a li^e nature, and can account fatisfadbrily foe 
it as follows. 

The fird portions of metal, that are feparated in experi- 
ments of this nature, contain the larged (hare of the whole 
carbon introduced into the mixture. It follows of courfe, that 
an inferior degree of heat will maintain this portion of petal 
in a date of fluidity, but that a much higher temperature is 
fpquifite to reduce the particles of metal, thus for a feafon 
robbed of their carbon, and bring them into contad with the 

portion 
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portion flrfi rendered fluid, (o receive their proportion of tM 
fteely principle. Where the heat is languid v the defcent of the 
lad portions of iron is fluggifh, the mafs below begins toiofe 
its fluidity, while its difpofition for giving out carbon is reduced 
by the gradual addition of more Iron. An accumulation takes 
place of metallic mattes of various diameters, riling op for 
half an inch or more into the glafs that covers the metal ; 
thefe are neatly welded and inferted into each other, and 
diroinifh in diameter as they go up. The length, or even the 
exiftenCe of this feeder or excrefcence, depends upon, the heat 
in general, and upon its temperature at different periods of the 
fame procefs. If there has been fufficient heat, the furface 
will be convex and uniformly cryftalline ; but if the heat has 
been urged, after the feeder has been formed and an affinity 
eftablitbed between it and the fteelified mafs below, it will 
only partially difappeor in the latter, and the head or part of 
the upper end of the feeder, will be found fu fpended in the 
glafs that covers the fleel. 

The fame or fimilar phenomena take place in feparaiing 
crude iron from its ores, when highly carbonated, and di£* 
ficult, from an excefs of carbon, of being fuied. 

The divifion of the woolz cake by the manufacturers of 
Hindoftan, I apprehend is merely to facilitate its fubfequent 
application to the purpofes of the artift ; it may ferve at the 
fame time as a tell of the quality of the fleel. 


Experiments to 
fticertain the 
cooperative 
sneafure of 


Toafcertain. by dired experiment, whether wootz owed its 
hardnefs to an extra quantity of carbon, the following expe- 
riments were performed with various portions of wootz of 


cwboo in woots, common cad fleel, and of white crude iron, premifing that 
5 lead ?c tt ieduces * n °P era l* on $ iron an( ^ ° rc S I have always found the 
from fliat glafs. comparative mcafure of carbon heft afeertained by the quan- 


tity of lead which was reduced from flint glafs. 


\ft Cake, Crabs. 

Fragments of wootz - - - * - 65 

Pounded flint glafs three times the weight - 195 

This mixture was expofed to a beat of 160° Wedgwood, 
and the wootz fufed into a well cryflallized fpherule of fleel. 
A thin cruft of revived lead was found below the wootz, which 
weighed 9 grains, Ike weight of wootz. 

2 d Cake 

9 
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id Cake. 

Vkagment* of wootz 
Fliiit glafa) fame proportion as above 


Gnuns* 

80 

240 


•foertma th* -• 


comparative 

Ttofufion of the mixture in this experiment was productive meafure of 


of a cUafs of lead weighing M) grains) equal to -|th the weight 

of lead it reduces 
from flint gbfe* 

3d Cake . 


of 'tffe.woots. 


Fragment* of woote - • - a . 75 

Flint gfaris « - - - - - • 225 

Ube mala of, lead: precipitated beneath the fteel in ' this ex* 
pertinent, amounted to 9 grains, or< the weight of the 
eottz employed. 


_ 4 lh Cake. , > 

Fragments of wootz • - - • • * 9$ 

Flint glafs * » . - • - • * 279 

. Lead obtained) precipitated from the glals by meahs of the 
carbon of jj» wools 14| grains, equal to the weight of 
the wootz. 


* 5th Cuke . 

, Fragments of wootz - .* * -69 

. Flint glfifs •.+ - *• , • w. . - 207 

Th^lead revived in this experiment amounted to 7 grain*, 
which is equal do the weight of the wootz. 


; * ; 

6 th. Cafi Steel formed with -fcth part of its Weight, of Carfxm. • 

Fragments - -- ----90 

■' Cryftsfgiafr * * - - - • - '^270 

Lead revived 8| grains equal to the weight of the 
fteel introduced. 


1th. White cafi Iron dropt while Fltncj into Water • 

Fragrtfehtt - - - - . - 103 

‘ 'Cryfbir gkfs - - * - - 309 

* 1 The fbfioh off this precipitated .23 1 grains of lead which is 
Mfbflto 4he weight of the caft iron. 
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Recapitulation- qf ihejk Experiments. 


RtM f i knUri ooef |\ft cak* of w#ot z revived of load 

thetspenoto* ?d . -ditto . ; * , . . i2S . 


• 3d - ditto - ^ . ,*20 

■ 4tb • • . ditto ' t % ** ’ »156 i ' 

5th ditto - - * l9 hQQ.. 

. Steel containing ^ of its weight of carbon * ,09* 

Caft iron - * • - • • - ,228 

Wootc contains It would appear to veful t from thefe experiments* 4bat;^oob& 

J^d^^and" COD ^ a * ns a grater proportion of carbonaceous matter, than the 
kfe than caft uommon qualities of caft fteel in this couhtry, and that fume 
iroa. particular cakes approach confidenabty to the nstatt of call 

iron. This circura fiance, added to the imperfeft Ai£*n attach 
generally occurs in the formation of wools, appear to me to 
be quite fufficient to accoant for its refr&dfcory nature, and 
ufthomogoneous t ex tare. - 

Its ore is pro- {Notwithstanding the many tm per fed tens with which wool* 
baWyvei 7 ex. $ $ loaded, it certainly polleffe* the* radical principles of good 
ileel, and impieties us with a high opinio* of the ore front 
which it is formed. 

The pofleffion of this ore for the fabrication of fteel and 
bar iron, might to this country be ap objed of the higheft 
importance. At pretent if is a fobjed- ofifegVet, that bob a 
fource of wealth cannot -be annexed to ita capital and talent. 
.Were ftich an event pradic&ble, then our Eaft India Company 
might, in their own dominions, fupply their ftofef' with fc 
valuable article, and at a much inferior price to any they fend 
from this country. 



A Memoir on the Webs qf Spiders. By C. L. C4p£T.* 

On the natural SpiDI^S have Often excited* the Qirioftiy of patafaliftfafid 
*ni nodical 1 ^ the uttentioQ of pbyftcians. The former. have fuccefrfuUy Kha- 
*** p died Uie butyls and copdud of thefe infeQs; apd uotwitb* 
Handing the repugnance they naturally infpire, thefe 

* Abridged from the Journal ds Phyfiqtie^LVIJjL 48L 

ha ** 
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Jmve became interefling, from the induftry with tirhicb they 
extend their webs for feizing their prey, and from obferva* 
tkmson the multiplicity and arrangement of their eyes, which 
are geometrically difpofed on a molionlefs head, in a manner 
conformable to their necefiities. Their combats, the Angularity 
pf their amours, their fenfibility for mufic, and their patience, 
all conflitute fubjefts of wonder in the hiftory of fpiders. 

Pbyficians have examined whether their bite be really veno- 
mous, as js generally thought ; and they have found only two 
ipectes produ&ive of danger, namely, the tarantula and avicu- 
laria of Cayenne. Swanfncrdam, Roffi, and Baglivi have 
left ue little to with for in this matter, as the effeds of their 
late and tbe remedies are both known. 

The webs of fpiders are confidered by the common people Spiders 4 vnbs g 
gs a remedy for wounds ; country people often apply them on 
cuts or flight wounds, and apparently with fuccefs. This wouod*. 
property was not of fufficient importanee to. induce cheraifls 
to analyfe the material; but as there has alfo been attributed 
to them a febrifuge virtue, fuperior in fome circum fiances to 
ftie bark, I have thought them entitled to a more particular 
examination. The following extra# is taken from the Journal 
4’Economie Rurak, for Germinal, in the year XII. 

" We have feen upwards of thirty years ago, a good prior. Narrative %i fc* 
the eumte of Betheren in Piancbe Corofe, cure ail the fevers cu . red b T 
of his perifb, and of the neighbouring villages, by pills of a mttr f 
ftrange competition. He went into his barn and formed 
fmall pills with fpiders* webs, by rolling them between his 
lands m the fiate he found them. He admioiflered this re- 
medy to his patients in white wine, and very feldom failed to 
cure, M. Marie de St. Urfin being chief pbyfician of the 
Hotel de Dieu, of Chartres, treated a very obflinate fever in 
Chat hofpital. He had employed bitters, the bark, and ajf 
the remedies of medical art without fuccefs, when one of the 
female attendants offered to undertake the cafe with a cer- 
tainty of cure. When the was interrogated concerning her 
remedy, (he refufed to mention it. M. de St. Urfin therefore 
jsoati^ued to attend his patient fpr fome days; after which, 
lorjig a good opinion pf the attendant, l^e determined to put 

patient, under her care. There was no return of the fever 
after the fir A dofe of (he remedy. The pbyfician fuppofed that 
taiategmatton of the patient, his confidence in a new remedy, 

1*2 an 4 
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aT>d par ti c ufaf I y % e fecrecy , mi^lt have 
and he Waited, bat to no purpole, for its' refurfl."^® kt^ 
tendaht ’encouraged by her fticcefl, contented to Wieritibh ttfef 
remedy, wHibh proved to be thb (ame as tbkt fiftheifaratO 
of Balheren ” ' " ' ' • ' K :rt ’ fV 


Suppofed to be ’ The editor of the Journal 1 Here quoted, 
d^dcd by gcla- ^ new experiments' Cf Segtfirihjftm geftftihe ^applied t& the 
treatment bf'intermi/tiiig ftirpetfb that ' Ipidfcfcf web* 

may contain a principle refemblihg animal jelly. “* The eipe£* 


Analyfis of fpi- 
dert* webs. 


rimenls qf Cadet, while they bVerthroW thl$Yupp6fftlotfy alp i 
pear to him entitled to the attentioh of medlckl With.' * 
Experitnenl 1. SpideVs' webs IriTO rated 1 in Itle J cdM^Wfffl 
quick-lime, emit a flight ammoniaca! fmell. 2. Cold Watef 
by digbflio,n on the web?, becomes of a red-bhfwh^colotir; 
is highlfy. pfccijpitated by infufion of nut-galls 5 is precipitated 
by acids ; and ibis precipitate is again diflolved when ’thfe'acSite 
are faturated wilt ammonia. 1 3 . Spider^ tvebs cleaned at 
much as poflible from diilf and foreign mailers, were bofl&l 
in diftitted* water. J ‘ The ‘deco# ion fmelled like champignons* 
and lathered by agitation/ The uncfiflblved matter WAS boiled 
In additional , waters, until it gave out nothing* Mote. Atl 
thefe waters being pul together and’^vapotatfed, let fall theft 
Contents m fudceflive pellicles ; 4 aqd at' length, by gentle eva- 
poration, a folid extract was had, nearly eqhaT to half the 
weight bf the fpiders* webs. " 4 . The residue not' diffcilved in 
boifing water, was digeftbd.'ih klcohil. It gave a tfer$*8eep 
orange-coloured tindlure, WhiCh did not lather. ' 'Wkter being 
added, threw down a grey flaky precipitate, of a tirdWn co- 
lour when dry, and little *mbre than one hundred ah^iWeir- 
tteth part of the original webs. On hot coals it fwelled up, 
/nioaked, and took fire ; and from its habitude* ‘ ih /thefe re* 
Tpp&s, arid with the alkalies, ilrefepibled a reflh. * The'dT- 
luted alcoholic folution being then evaporated, afforded k re l - 
fidue flightly deliquefcent, of a' tafle at firft fwe&iftj, and 
afterwards bitter, and in quantity neArly, three fiirte* ' tfikt bf 
the refinoiis precipitate. 5 . The infotuble refitfiie aftrifthh 
treatment with water and 1 alcohol, burned 

aw} emitted a tobjl* quanfjty bf White ftim&'fcdVlkg fife 
fi m?ll of burped! 'woqcl. ' bjeithef the oxigeriateiftf tte t 

tfrri ^futph n reou s . acid^ dffcolbuted ft; It wai TotyRlfe 
^llervefcence lri muriatic gcpi, Which tdofc td) r fWo-ttif8if itfH 
* ~ left 
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te&;» Mn ok potie. Amradbia Separated a brows matter in Andyfis of fpR 
fraaU tjafcntilyfirom tbecfear'fotatipn; iod this matter, wben dert * cb6 ‘ **• 
calcined, did hot lofeits coloar. . It wasaltooft totally fahible 
•Ambnoticacid^iandibk rotation gave a black precipitate with ' 

VMt'gaMsj. and a bloc with alkaline prnffiale. The fluid tQ 
which lhwaaufcDitiahsd been added, gave a grey precipitate 
by pbtMrihL ^ This retained its colour when ignited, arid War 
again folubie in muriatic acid with qfior vefe erice. 6. Cap die 
pot»ufl> poured oiitbe reidcie of fpiders* webs previoudy treat- 
ed Orith water and^lcohbiy drfengage# a little ammonia, and 
partly diffbive»4be ‘matter. An acid throws down ftomihii 
fetation a 'Merit pdlvurelenttafteiefs precipitate^ which flighdy 
p aiyrup by hettt, and leaves by defiocation a brittle and appa* 
rently refinous matter. Its quantity is about . onotwelfth of the 
kxhaofted Matter made ufe ok 14 is partly folubie in volatile ’ 

oHs. ' ; , • 

T: The aqueous extra# of No. S being digelled withalco* 
hoi; gave out one- (even th part. This alcoholic extra# War 
brown, cohfldhrably deliquefeent, and of a (harp fade. It 
forfeited confidently on the coals, and at a certain period k 
hurtled rapidly, as if a nitrate were prefect. .It effor voiced 
britklywitb ftdphuric acid, giving out a white vapour of a 
ttiuriatic (taeflj 'Potato and litoe difengaged from tim extin# 
rffotihgteaMheniaral fmrii, and the vapoprs were very fenfible 
o^lfe'apprbtffeb of muriatic acid. The extra# having been 
ineftthteled/ appeared bv*fever»l experiments to contain' 
notOofUaife and afelphote. What remained of tbe aqueous 
•xt+a# ahfer treatment with alcohol, was lefs deep in odour 
than Wfere, bad a purvordent appearance, and flight ly putt* 
gpt tafte, Oahot coal* it did not fwejl up, but le ft, a vyy 
abundant precipitate. Strong fulphuric acid poured on this 
extra# produced no fenfible kadi, and there was no produo 
lion of amfnonia when it was triturated with quick-lime. 

8. Spiders* webs fubje#ed to deftruCtive diftiildtion, gatd 
firft water nightly coloured, but becoming deepfer as the pro- 
cefs went on ; and afterwards a black thick oi! f with carbon- 
ated hydrogen and carbonic acid. A very fenfible jfmeli of 
ammonia was developed, and a refidual coal was left, amounts 
ing tchhalf tbe matter employed. The coal after rncinerittaa 
lift •twothinb of fltawwigbt, half of which was taken ap by 


muriatic acid, ant) tbe remainder feem^d to be lilex^and dbally 
' T * ” ** Matter* 
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ASUtyfis of (pi- natter. The muriatic rotation* during evaporation, ddpofifa! 
web*. fulphate of lime. When fpiders* webs were incinerated to att 
open vefiel, the afhes were found to Contain fulphate of Ihne, 
muriate of foda, and carbonate of foda. Muriatic acid ap* 
plied to the refidue tool* op mote fulphate of lime;, end when 
this Solution was treated with ammonia and afterwards with 
pot-alb, it gave oxide of iron, a little alnmine, and feme lime: 
The undiflolved part was fi lex. 

9. Spiders 4 webs were almofi totally difiolved in nitric acid 
amounting to fix times their weight ; carbonic acid and ni« 
trous gas being difengaged. The. (blation when evaporated 
let fall cryfials of fulpbate of lime, and ;b y Continuing the 
evaporation, the yellow, bitter, ddiquefcent matter, which 
Welter calls amer, was afforded. 

Component Hence the author concludes tbat fpiders' webs are tottpofed 

P*** of, 1. A brown extra# foluble in water, and not changeable 

in die air ; 2. A fefinoiis extract foluble in alcohol, end very 
deliquefcent ; 3. A fmall quantity of alumine; 4. Sulphate of 
lime; 5. Carbonate of foda; 6. Muriate of foda $ 7. Carbon* 
ate of Jime; 8. Iron; 9. Si lex. The author thinks that the 
earths and earthy falts may be derived from the local fituatioa 
of thefe infe&s, and that it is probable that the webs of garden 
fpiders may not afford them. The two conftant produds to 
which he demands particular attention, are thole obtained 
from the aqueous and alcoholic folutions. He thinks it de» 
firable to try their medical powers feparately. He fuppofes 
the refinous matter to be the fame fubftance as under other 
circum fiances fornis the fpiders 4 filk, and the wax which Mr. 
Accum has eUewhere mentioned as one of their products. 


> XII. 

/>t formation on the Mines and tyanitfa&ures qf the Eaft Indies , 
and o$hp\ Subjects, j By }. I^Iaculaciii.an, j fyq. qf CaU 

Sift, 

Account of Should you think the enclofed receipts for dying the 
tidying!*** beautiful reds of the Coromandel coaft can be of any ufe to 

Soc. Arts, 1604 ; for which the filver medal was given. 

the 
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this dyers of the united Britiih kingdom, be pleafed to lay 
them before the Society for the Encouragement of Arts, Ad, 
that they may be published in the volume of their Tran£ 
a&ioos j if not, J truft you wiJI eycufe my troubling you with 
them. They were fent to me from Madras by a fcientific 
friend# who had the feveral operations, detailed in them, per* 
formed in hi* own prefence* J forwarded a copy of them, 
and a fmall quantity of the ingredients mentioned in them, tq 
a friend at home, feveral years ago; but he dying about, or 
fpon after the time of their arrival, l never learned what be- 
■came of them. It firike* roe, however, t^at there is a coo? 
iidecaJbie coincidence between the thread procefs and tb^ 
which I have feen recommended by Mr. Henry, of Manchek 
1 er f for dying 'the Adrianople or Turkey red* 

( I am qof, certain whether it is known at home, that many immcnft qua*, 
of the hills in Bahar, and other parts of India, contain im- u,c 
jnenfe quantities of mifca, talc, or Mufcoyy glafs. The na- hilMnB^, 
.lives of this country and, Chiqa make very fplendid lanterns, 
fhad^s, and ortmmenU of it, tinged of various fanciful qolours; 

^nd it is alfo ufed by them in medicine. When burned or 
calcined, it fs, I am told, confidered as a fpccific in obftinate 
coughs and consumptions. When powdered, it ferves to 
filver the Indian paper, &c*> uted ip letter- writing; and# in 
fa£t, it is applied to numbcrlefs purpofes. The bazar price 
of that qf the Jieft quality# fplit into (beets of about two lines 
thick# is fix rupees the roauqd of 8 fib, avoirdupois* If it 
could be applied to any ufcful purpofe at home, it might go 
in part ballad pf ihips, and at a trifling expepfe. I enclofe a 
fmall fpecimen of it, and am, . 

Sir, 

Your very obedient fervant, 

J. MACHLACHLAN. 

Calcutta , 061. 4, 1803. 

, N.B. Tbechaya, or red dye root of the Goad, is, I be- 
lieve, known at home: as alfo the caftjaw leaves, which art 
•fed aft an aftringent* 

•> 

Charlei Taylor, Efq# 

• \ ■' ' * 

JHreHiom 
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Inftru&kmi for 
dying cottons 
bright red by 
the ladian me- 
thod. 


MUMS JUT* MAHtJPACTVfcftft WT B A9t» lHVlM. 

' . . , /' : ; • , 

Dkc&ion for dying a bright Bid, four Yard$ qf £ broad 
Cotton Cloth . 

Ifti The doth is to be well walked and dried, for the purs* 
pofe of clearing it of limeand congee, or ffcarch, generally 
bfed in India for bleaching apd dreffing cloths ; then put into 
an earthen veflfel, containing twelve 'ounces of chaya or red 
dye root, with a gallon of water; and allow ft 1 to boil 'd fhoft 
time over- the *fire. . 

* 2d. The cloth being lake# dut^ wafhed in dtan water, and 
dried in the fon, is again put into a pot with one ounce of 
tnyfabbfcnff, or galls coarfdy powdered, and a gallbri ofdear 
water, 'and allowed to boil to one half : when coot; Add 
to the mixture a quarter of a pint of buffalo's milk: 'Hie 
cloth being fully locked in this, take it out, and dry it in 
the fun. * } ’ 

3d. Wafh the cloth again in clear cold water, arid dry ft 
in the fun; then itmwerfe it into a gallon of water, a' quarter 
of 'a pirit* of buffalo's milk, and 8 quarter of an ounce of the 
pbwdered galls. Soak well in this mixture* fcnd dry in the 
fun. The cloth, atthis flage of the proce/v feeling lough 
a hd hard, is to be rdlled up arid beetled rilldt bderimes foft. 

4th. Ihfufe into fix quarts of coH water, /lx ounces of* fed 
wood /havings, and allow it to remain fo two days. On the 
third day boil it down to two-thirds the quantity. When thd 
liquor will appear of a good bright red colour.' Tb every 
quart of this; before it cools, add a quarter 6f ' an ounce of 
powdered bium ; foak in it your doth twice oVi! 1 , drying it 

between each time in the (hade. 

5tb. After three days wafh in clean water, and half dry 
in the fun ; then immerfe the cloth inld five gallons of water, 
about ^he tfqqp^atnre of 120 degrees of Fahrenheit, adding 
50 ounces of powdered chaya, and ^Uptying thq whole to 
boil for three hours ; take the pot off the fire, but lei the cloth 
remain , in it until the liquor is ’ perfectly cool j ifctn Wring it 
gently, and bang it up in the fun to .dry. .• nA • 

6th. Mix intimately together, by hand, about a pant mea* 
fure of freih (beep's dung, with a gallon of cold water, in which 
foak the cloth thoroughly, and immediately take it out, and 
dry it in the fun, 

7th. 
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7th. Waih the cloth well in clean water, and fpreadit out Mhvftuwitfbrl 
hi the fan on a fund-bank (which in India is oniverfaMy pre- bn&tnd'by 
far red to-m gtafs-plat) Fot* fix hours, fprinkfag tt fmm time totheJ&4iaiiam» 
time, Us it dries, with Clean water, forfcbe putpbfe-ef finMh- thod * 
ing and perfecting the colour* which* wlH be of a very fine 
bright red. 

; Jt MACMtACHLAN. 

Calcutta, Oa. 4 , 1803. / , 

Charles Taylor, Efq. * 

DireOiom fir dying qf # hcmtifiA Vp4$ PVW*. of Cp*on 
, Jhrwdi\ ’ 1 * . , * . , . 

ffi. ( Pht one gaNon ahd o N4f} by wieafijre, of fupvwoed 
hftesf into an earthen pot/ with ’tfti|e* gallon* of water, 'and 
allow the mixture to remain Awonty-four hours to ported til 
for ufe. y 

2/Pat the following articles fateWedHheti pot, viz.-Thrce- 
qeatters of* pint of Oingelly od; one pint;- by meafarej- of 
fiieep’s dung, intimately mixed by hand in water ; two ptnW 
ef * the above ley. —After mixfagabefe, ingredient* well, pbur 
the mixture gradually upon the thread4ntohfi#lhor VefTef, yrotf 
ting* it only as the thread, by being fqaefeteed and* tolled* about 
by the hand, imbibes it, continuing to ddfo untibtha whdfeis 
eompMefy foaked upland «(Mw the ffhrCad to r aaaaiik' id ttti* 

Rate until next day*. • * < »• A " ,T •* - ■ : f * «> n 

3d. Take it up, and put )4 iathe fantodty* then take a pint 
and ;f ha# of adt-leyi in whkfifipieeze aivel roll the ihfead< Well 
and allow it to remain till next day.» <j t "•* ’ * s 

4th. Squeeze and roll it in a like quantity of ta(h-Iey, and put 
it in the fun to dry; when dry, fqueeze and roll it again in the 
ley, and allow it to remain till next day*: ,t i 

5th. Let the fame procefs be repeated three or four times, 
and intermit till next day. 

6th. Ley the thread once, as the day before, and, when 
well dried in the fun, prepare the following liquor: One gill of 
Gtingelly oil ; one pint and a half of ath-ley. — In this fqueeze 
and roll the thread well, and leave it fo till next day. 

7 th. Repeat the procefs of yefterday, and dry the thread ia 
the fun. 

5 8th. 
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8th. The fame proeefs to be repeated* 

9th. Fir ft repeat the, *(h~ley proeefs three 1 or four times* as 
under the operations 3* 4* and 5* and then prepare the follow* 
ing mixture & On pint of (beep-dung water ; one gill of .Gin* 
gelly oil ; one pint and a half of alb-ley.— In ibis fqueeze and 
roll the thread well* and dry it in the fun. 

'K)th. Repeat the (ante proeefs. 

Utb. Do. Do. o 

12th, Do. Do. 

13th. Do. Do. 


I4th. Do. Do. 

15th. Wafh the thread in clean water* and fqueese and 
roll it in a cloth until almoft dry ; then put it into a veflel con* 
taining a giU of powdered chaya root* one pint by moafare of 
eaftian leaves* and ten pints of clear water ; in this Uqaoc 
(q ueeae and roll it about well* and allow it to remain fo till 
next day. 

16th. Wring the thread* and dry it in the fun* and re* 
'peat again the whole of the 15th proeefs. leaving the thread 
to fteep. 

mb. Wring it weH, dry it in the tun* and repeat the (am* 
proeefs as the day before. 

j 18th. Do* Do. . 

, *9Mu Do. DO, 

, 20* Wring and dry jl in the fan, and with the like quantity 
of chaya root in ten pints of water* boil the thread for thee* 
boars* End allow it to remain in the infuhon until cold. 

2lft. Wafh the thread well; in clear water* dry it in the fun* 
and the whole proeefs is complete* 


J. MACLACHLAN. 


Calcutta, Oft. 4, 1603. 
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SCIENTIFIC NEWS. 


Imperial Ad&demp rf Scitncet at Pcteqjburgk* 

TtfEVFce Admiral Tchitchagoff, Minifter of the ^(faring Prftt of the " 
department, has forwarded to the Academy a queftion on the a ”??.*” 
refinance of fluids, and its application to naval architecture, * * 

for the folution of which that department will beftow a re- 
ward of 1000 ducats of Holland, or 462/. 10s. 

The academy being delirous of feconding the patriotic 
iriew* of the marine department, decided on the publication 
of a program m the following terms. 

Prize propofed by the department of the Marine, on the 
lSlofJitfy, 1804. 

It is propofed, that of the two theories of the red dance of The ftatjeg. 
fluids propofed and applied to naval architecture by Don Gr. 

Joan, in his Exumen Maritime , and by M, Rom me, in his refinance of 
Art de la Marine, one or the other of them, for example, that fluids * 
of Don Juan (hould be corrected and improved to fuch k 
degree, as to afford retails that (hall differ from the r/efults of 
experiment, by fo final 1 a quantity,, as >m|y be praCticafly 
negleCted without fenlible error: — Qr olherwife, if thele or to dbbfiih a 
theories cannot be corrected, it is propofed, that a new theory ****** * 
ibould be eflablifhed and applied to naval architecture, which ? 

fhmlJ lead to conclufions of the fame degree of accuracy,;—^ 

Or olherwife, laftly, if it (hould be impoflible to Cftabfifb fucli or to deduce a 
a theory, it is propofed, that from experiments at lead, there 
(hould be deduced a formula. re fembling thofe which have been 
given by Meflrs. Boflut and Prony ; and fuch that it dial! be 
not only more conformable to experiments than thofe formulas, 
but that it (ball lead as nearly as poflible to the conclufions 
drawn from experiments, even when the formula fhal! be 
applied to naval architecture. » 1 

For the fatisfaflory folution of this problem (he department One thouiatd r 
of the marine has appointed a prize of 1000 Ducats of Holland, ducaU » ***** 
and has fixed a term of two years to be reckoned from the 
date of this program* After the expiration of that term, no : 

memoirs addreiled to the academy will be received on this 
fubjeCt, the time appointed being fufficient for Ihofe new 
experiments which the' folutions in quedion render indifpenfai 
* bly 
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bly neceflaFy. The memoirs forwarded to the academy moft 
be written in adiftind legible chara&er, .either in the French 
Eng lift or Ruffian language. 

(Signed in the original) PAUL TCHITCHAGOFF. 

Teams nndcan- In the invitation accompanying this program, the Academy 
requires men of fcience who intend to make application for this 
qjotn** prize, to add refs tjieir memoirs to the perpetual fecretary of 

* that body, before the lft of July, 1806, ^nd that the writer 
, (hould clear the poft charges as far as the regulations of their 

refpe&ive countries will allow. The cuftomary mode of mark- 
ing tjie memoirs with a device or motto, arid fending at tfye 
fame time a fealed letter, having the fame device, and coi}- 
4 tainiqg the, name and refidence of. the author, is alfo to be 
adopted in the prefent in fiance. The memoirs will be ex- 
amined before the expiration of the term of concurrerice, l>y 
9 ■’* ^he Department of the Marine apd by the Academy; the lat- 

ter pf whom vy ill publift the judgment they ftall adopt, and 
i* ' .the Department, of the Marine will crown by the payment 
,pf the prize, the labours of that author who (hall have fati*- 
*,fied the conditions of the program. 

_ frizc concerning tight , propofid by the Imperial Academy qf 

4 ^ Vj , 1 ' Sciences for the Year 1&06. 

jtise concerning, After an introdu£lion, in which a concife ftalement is given 
light. of two' theories refpe&ing the nature of light, the one aferibed 

Tpe.«6udtfce* to Newton, which fuppofes light to confift in the emanations 
wi$s light of ipatter from luminous objects, and the other aferibed to 
terror mere Jfiuler,' which deduces the efte#s from vibrations of a peculiar 
undulation of aelaftic fluid,— they proceed to ftate rather more fully .a chemical 
fluid,— hypo|he(i s of Lavoifter, who not only confiders light as caufed 

—or it is a che- by a peculiar matter, but alfo that this matter is fubjefl to the 
nical pfl nc, P te - ,ele#ive attractions, fo as by its combinations and difengage- 
ments to produce an extenfive feries of phenomena, which 
FfethnafriA » ^re.lhus. accounted for. It is principally with a view to de- 
velppe, thi* la ft hypolhefis that they have propofed a prize of 
*’ ,ia IO v |op foublp (O 12 10 0.) 

Tbcqueftkm. the moft iriftru&ive feries of new experiments on 

Jjg|it f confidered as matter; on the properties which may with 
jpfttce be aferibed to it;, on the affinities which it (hall app ear 
to-bavcjwitb oth$r bodies,, whether organic or inorganic, and 

* i : * ■ * w ■ r ‘ . nm 
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en thef modifications and phfenomena which ire tnAtfifWtefl' M -v 

thofe fubftances by virtue of the combinations in whidi tfifc 
irratter of fight may have entered along with them.'* * 

After propofing this queftion; the Academy proceeds to ex* Remarks by the 
plain, by obfemng that without entering into any historic difi* 5 ^ 6 ®^ 
coition, or the objections which have been oppofed to this hy* 
pothefis, nor the tefearches already made with a view to dc«* 
velbpe traces of chemical a&ioti between, light andbodie^itt 
the different modifications of natural phenomena,— th£ entjow 
riea here propofed may not be unufefully extended to tHe*gal- 
vanic fire, of which the dazzling brilliancy when tArge piles 
■re made to aCt upon coally matters, in fome refpedl imitates 
the folar light. The Academy has chofen to enunciate the fub* 
jedt of their prize in a general way, in order that philofophers 
may not be in any refpeCt impeded as tbtlfc points of vie^ 
from which they may be difpofed to coritemplate and to treat 
ib difficnlt a fabjeCt, which has fcarcely yet been entered upon{ 
though fo eminently worthy of Attention' from the cultivators 
of natural fcience. 

The memoirs are to be written either ih Ftuffian, French, Conditions an* 
Engl i lb, German, or .Lathi, and forwarded to the perpetual lcrm,# 
fccrelaryof the Academy, fealed up, with device ahd indib 
catory bitle^ as mentioned with regard tO’thte Fofmbr^rrze. 

No memoirs will bo received after the 50lh of April, lfiOfi, 
inclufive, and the author of that memoir ivhifch in the judg- 
ment of the Afcademy (hall have merited the pri‘ze; 'ftrarfl be 
proclaimed in the public meeting of the folio wing’ niorith of 
July. The fuccefsful memoir becomes the prdjfert/ of thfc 
Academy, and mull not be printed without their formal pen. 
mttfion. The other trCatifes will beMeTWhiecftb the refpe&ive 
author?,* on application to the fecretary, either peffbnAtty or bj^ 
procuration.* * v,; * 

mm ' ' , 

Voyages of Mejjrs. HuMBoiOt and * ‘ 

Meffirs. Levrault, .Schoell and Company circulated, at the Voyages of 
beginning of the prefent year a profpe£tus‘ of the voyage °1 *“* 

.Meflrs. Horofiold^ and Bonpland, the publication of whfch is 
committed to them : '• the travellers, they obferve, have ih 
general ye-written all their obfef vat ion^ whatever might have 
Jfcentne <$ie{fc, in the narrative of tjieir voyage. Mr- Hum- 
'ooytW' thought if proper to follow another courle, and to 

treat 
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treat feparatefy all/thofe object* which confitferably difler.tft 
their nature. He ha* determined accordingly lo publKh in 
detached ooUe&ioikS all that more particularly belongs ter 
Afoonouy, Geology, Botany, Zoology, &c. and his voyage, 
properly fo called, will embrace all that relates to General 
Phyfics, the Origin of Nations, their Manners, their Intel- 
Jeflual Culture, Antiquities, Commerce, and Political Eco- 
nomy. Upon this part of his obfervations and the hi (lory of 
his voyage, he will not at prefen t publifh more than a narra- 
tive, under the title of Relation abrege , 8c c. or an abridged 
Relation of a Voyage to the Tropics, performed in jbe inte- 
rior of the pew continent during the years 1799, 1800, 1S0I # 
1802, and 1803* 

( It is agreed by Meflrs* Humboldt and Bonpland, wl^p are 
^onne^ted by the rood intimate feotiments of frienddiip, and 
have . lltared together in all the fatigues and dangers of this 
voyage, that the whole of their publications dial! be in their 
joint names. The preface to each work will announce to 
which of them the feveral parts are refpe&ively to be aferibed. 
The lid of works fpeedily to appear are as follows : 

1. The abridged Relation of the Voyage, in quarto; pro* 
jnifed in July, 1805. 

2* A Collection of Adronomical Obfervations and Admea- 
furements made on the new continent; promiiedln 1805. 

3. An Ed'ay on the Geography of Plants, or a Philofopbicat 
Sketch of the.Equinodial Regions; founded on obfervations 
made from the 18th degree of foulh latitude, in the years be- 
fore mentioned, with one large plate, coloured ; promifed in 
Jupe, 1805. 

t 4. Equinoctial Plants, collelted in Mexico and the Ide of 
(Cuba, in the Provinces of Caracas, Cumena and Barcelona 
on the Andes of New Grenada, Quito and Peru, and on the 
banks of Rio Negro, Oroonoko and the River of Amazons, 
with plates engraved by Sellier, in folio ; the drd number to 
appear in April, 1805. 

5. A Collection of Obfervations of Zoology and compare- 
rative Anatomy, made in a Voyage to the Tropics; with 
plates engraved by Bouquet , coloured or not, at the option of 
the purchafer. The full number to appear in May. 

N. B. All thefe works, will bear the general title of Voyage 
de M. A/# Alexandre de Humboldt ct Aimi Bonpland, and will 

fera 
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fcrin a’Celfc&kxt of the fame five and type, except tfceEqm- 
too&tal Plants, which are larger. Subsequent notices of the 
price mod publication are to appear in the journals. 


Fijh ejected from Volcanoes . 

AMONG the great number of fafts which Humboldt ha* Volcanic er»^ 
colte&ed in his voyage, the following lately communicated to tian ***** 
the National Inditute is very curious. Several volcanoes of 
the Cordilleras of the Andes occafionally throw out eruption* 

*f mud mixed with large volumes of frefli water, and what 
Is mod remarkable, an infinite number of fifties. The vof- 
fano of Imbaburo, among others, threw out at one time fo 
great a number near the town of Ibarra, that their pgtveiac* 
lion occadoned diforders. This phenomenon, aftoniftiing at 
it appears, is not even extraordinary, but, on the contrary, of 
conliderable frequency, fo that the fafts are authentically pre* 
ferved in the public regifters, along with thofe of earthquakes. 

It is more particularly lingular that thefe fifti are not at all in* 
juTed, though their Hr u dure i* very foft. They do not even 
appear to have been expofed to a high temperature; for thW 
Indians aflert that they fometimes arrive at the foot of themoun- 
tain dill living. Thefe animals are fometimes thrown out of 
the mouth* of the crater and fometimes through lateral clefis; 
bat always at the height of 12 or 1300 toites or fathoms above 
the furrounding plains. Humboldt thinks they are produced 
in lakes iituated at that height within the crater ; and it is a 
confirmation of this opinion lhat the fame fpecies are found in 
the brooks which run at the loot of the mountains. It is the 
only fpecies which fubfifts at the height of 1400 toifes. It is 
a new fpecies to nat ural ids. Humboldt made a drawing of it 
on the fpot, and gave it the name of Pimelodrus Cyclopum or 
thrown by the Cyclops, It will be found in the fird number of 
his Zoology. 

Water formed by Mechanical Prejfure, 

IN a littihg of the French National Inftitute at the com. Combuftinn of 
mencement of the prefent year, M. Biot read a note on the *! xyscn ,* nd hy “ 
formation, at water by mere com preffion. .The experiment of chanical pref- 
formtng water out of itsf component parts’ oxygen and hydro- furc * 
by burning thbft gaffes "by the eleftri^fpadc is well known. 

M. Biot has fucceeded in determining this combination inde- 
pendently gf .ele&ricity# . by -rapidly coppreffing a mixture of 
v the 
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the tW4* i g*fes included in the tyring- jof< an $fr*gluu: Tfe* 

com predion' which forces the .particles of -gas together, caufe* 
them to give out a fufficienf quantity of heat to fet them on 
fire. Some* caution rs ceqdifiui »h rept^athig thii ekpfenmerit*, 
which is not without danger* OtH of three times that M. 
Biot made it, there were two in which Hlie brafs cap of the 
pump and the barrel itfelf, which was , iron, were broken by 
. thq explbfion. 


Malleability of Zinc. 

Zinc Is malleable; A VERY curious and ufelul difcr^cry has been made by 
vhile heated be- MeflTrs. Charles Hobfon and Charles Sylvefler, boih of Shek 
tween 210 ? **<1 "field, that Z ; IK: j s j n f a ft a malleable metal.' The lamihability 
300 * of this metal to a certain confiderable degree, has long been 

known; but it was not fuTpefted that it is capable of being 
forged and drawn into wire. They have found that at a tem- 
perature between 210° and 300° of Fahrenheit zinc yields to 
the hammer, and aifo that it may be* wire-drawn or laminated 
T>y keeping it at this temperature during the mechanical oper- 
ation. An ovbn or a hollow metallic veflel kept at a due heat 
may be ufed for the pieces, in the fame manner as the Smith's 
iforgc.is ufed lor iron and Reel. It appears that the zinc, after 
having been thus annealed and wrought, continues foft, flex- 
ible and extenfible, and does not return to its former partial 
brittfenefs, but may be bended and applied to’ the ufes for 
which zinc has hitherto been thought unfit, fuch a$ the lubri- 
cation of veflfels, the (heathing of fliip4, and numerous other 
important applications. I haver feen a chafed or Ramped figure 
raifed at one itroke in thin zinc; which is, I think, as much 
elevated as it could have been in copper.* ,* - * , ; * 


30 * 


_ Palladium. .? * 

Palladium. BY a letter from Meflrs. Knight, of Foftcr-hme, I am in- 

formed that the new metal, palladmm, may be purebafed at 
. their warehoufe. 


Erntum cor- Mr. GREGORY begs leave to correft a thi flake which 
•G®** occurs in his paper on horfe-powers, occafioned bjr his inad-.. 

vertently copying from fome of his former obfervations on that 
fubjelt the fraction £ in (lead of $ for the approximate value of 
v the exponent *: this makes a change^iMterefolts of the com- 

putation at page 148 ; for (9—3)^: (9—4.4)^: : 130: 80*58, 
of nearly 80| lb* in Read of 71$, as there grvdn. He alio 
points oat a prefc error at p. 153, where the fymM* of mol* 
tip)icafion.in each of the theorems fhould have beenfijgns of 
addition. 


8 The inventors hsWe obtained a patent* » 
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AbERNETHY, Mr. *45 
Abroma augufla, a pruning fubftitute 
for hemp, 45% 

Accum, Mr. 5 reply to, on nitrons add, 

m ' 

Acid, fluoric, in the Xafkz y 58 
■ ■ ■ - nitric, on the rectification of, 134 
— nitrous, on the %odu ftion of, 109 
Aeroftaric voyage from Peterlburgh, rooft 
remarkable fads and observations in, 

5*. 55 a 

Agues, popular remedy for, 291 
Albumen, observations and experiments 
on, 245 

Alumine and water, a flone con filling 
principally of, 153 

Amicus, eafy method of making the very 
combuftible oxide of phofphorus, 136 
Animal fluids, primary, on the definite 
chara&ers of£ 244—254 
Animate matter may be ^onnedcd with 
inanimate, 197 

Arrow palm, valuable for ks £b$s> wine, 
and fagO| 33 

A&nofphere, obfervations and doubts con- 
cerning its de&ricity, 17 

B. 

* *r 

fiabington. Dr. X54, IJ® 

Balloon, log for fhewing the conrfe of a,* 1 

53 ■ ■ 

Banks, Sir Jof. sat * 

Barnes, Dr. lot 

Baruel, apparatWfor making the gafiform 
oxide of carbon invented by, 116 
jyxvmfc mode of preparing muriate of, 
*ffiB^6i.— §|ji^ of dccompofing 
fulphate of, iffir 
Vo L. XI.— 1805. 


■i* 


Battering-ram, ufeful ^plication 

iv 184 

Bavarian method of evaporating faline 
waters, 47, 49 
Berthdkt, 129 

Berthdlet's elements of the pft of dying, 
new edition, 63 
Berthoud, 1, 3, 4* 5 
Bichat, X. 64 

Biot, water formed by him by mechanical 
preflure, 303 
Black, Dr. 85 
Blanconi, xa8 

Blafting, efficacy of Mr. Jefiop's ihode of 
241 

Bede, Mw^7. — Hew edition of his €e- 
leftiat Atlas, 99*— His tables of the 
geocentric placet of the new planets, 
100, 102 — 

Banjo ur, 134 

Bonnard, on the Bavarian method of eva- 
porating faline waters, 47 — 49 
Boring tube generally ufod in America de- 
scribed, 202 
Boflfat, 299 

Boftoefc, Dr. J. his experiments on the 
anatyfis of Goulard's extrad, 75 — 79. 
-*rHis observations and experiments on 
the definite characters of the primary 
animal flukh, 244—254 
BofweU, Mr. his anfwer to an Old Cor- 
refpeadent, 2 1 . — Invefligatian of the 
properties of his lines drawn in a circle, 
29— 31.— Reply to him .from, an Old 
Correlpondcnt, 1 12*— Hu rejoinder, 
224. - 

Botanical fubjefts, description of s prds 
for, 236—240 

Boulton and Watt, Meflrs. 96, 146, 270 
Bouroon, de, 104 
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Bow firing flax, ftrongeft ^ all vegeta- 
ble fibres, 33 

Boyle, Mr. his argument for difdofing 
the procefi^of manufa&ories, 165 
BraJle, his procefles for watering hemp in 
two hours time, 86—92 
Brande, W. Efq. conclfe view of the 
theory of refpiration, 79 — 86 
Braf«, method of coating with platina, 
282 

Brochant, T4 
Brochi, 103 

BrOdie, Cap^Tof. 5 his method dF con- 
necting iron bars coatihg them with 
lead to form folid pilfcjjl, id8 
Brugnatelli, on the non-ex iftence of the 
charged pile, 144 
Burckhardt, 57 
Burrows, Cape. 34 


C. 






c« 10, C. L. os the. webs of 

Carlifle, Ant. Efij. ; on mufcular motion, 
189—201, 255—264 
, Carpathian mountains, mineralogical and 
■ phyfical tour in the, 60 
Cartcau, 60 

Chenevix, R. Efq. ; on the a&ion of pla- 
tina and mercury on each other, 162, 
182 w 

Churchm^fj. Efq. ; geographical and to- 
pographical improvements by, 202— 
206 

Circle, inveftigation of the properties of 
certain lines drawn in, 29—31 
C. L. to Mr. Walker, 64 
Cleifs, 47 

Clement, 71, 170, 171 
Clennell, Mr. J. on difdofing tho pre- 
cedes of manufadories, 105 <, 

Coal, light afforded by the gas from, 65, 
71 . 

Colours, improved mill for levigating, 119 
—Oil, adrantageousJtodc of keeping, 
laj 


Columftiferse of Linneus, utility of thefe 
plants, 37 ^ 

Compenfation curb for watches, 19 ^ 

Confiknt Reader's account of a luminou^ 
meteor, 281 

Copper, on the purification of, ^| 7 s 108 
— Adi on of phofphorus on folution of, 
140 — Method of ftparating from filver. 

Cordage, experiments on the firength of 
various kinds, 40 ^ 

Corindon found in Italy, 103— Other Eo-' 
ropean fpecimens not of the fpyjm, 

104 . n “ 

Correfpondcnti, acknowledgments to, 64, . 

4 . 

Cotton cloth and thread, Indian method of 
dying red, 296, 297 

Cruikihank, Mr. 66 f £J$, 69— Hit table 
of the confiitution of carburetted hi- 
drogen gates, erroneous, 70, 71 

Cuthbertfon, Mr. ; his remarks on Mr* 
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Of the Engravings, the Subjects are, l. Apparatus for 
raising Water, by Mr. C|p$e. 2. Furpace for bending Wood. 
3, 4. Blowing Engine by the Fall of Water at Poullaouen. 
5, 6. Apparatus for analysing Vegetable Soils, by H. D^vy, 
Esq. 7. Diagrams to explain the Doctrine of Heat, by 
Count Rumford, V. P. R. S. 3. Magnified Representation 
of Insects found on Corn, by G. Cumberland, Esq. 9. An 
improved Steam Engine, by Mr. Clegg, 10. Simple Register 
Thermometers. 11. The Framing employed to raise the 
Hoof of Clapham Church. 12. An improved Sheep Fold, 
by T. Plowman, Esq. 13* Applicative Compass, by Capt. 
Starck, R. N. 14. Section of a Drain, by J. C, Cqiwen, 
Esq. 1$. Diagrams to illustrate a Series of Propositions re 
specting a Division of the Circle, by Mr. John Gough. , 16. 
Schemes exhibiting the Positions of the new Planet Juno, by 
Dr. Herschel. 17. Mr. Pape’s Improvement of. Rye.Har-. 
bour. 18. A new Air Pump, by M r - Wright of Am er ^ ca * 
19. blew Valve and Parts of a condensing Syringe for the 
Gases, by Mr. Cuthbertson, with which M r * Northmore’$ 
Experiments were made. 20. A very simple aqd improved 
Graphometer, by Mr. Bancks. ; ' 
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THE Potions and Friends of the Philofophical Jon mat are 
refpeSfully informed , that this work will in future confi/l of fix 
facets of matter in/lead of Jive in each number , together with a 
fupplemenlary number to each volumes and th it the plates rail/ 
be Jo managed as to contain a larger number of fubjc&s executed 
inthebe/l Jiile Theft improvements , though attended u ilh ad- 
ditional expence , are fuch as the Editor has thought it his duty to 
adopt ; in order that the very exierfrve communications with which 
the Journal has been honored , might not prevent him from giving 
all the foreign difeoveries and fuch other general intelligence as 
the nature of the plan demands . It will eajily be feen that the 
additional copy will by this means amount to one half more than* 
the former quantity ; and it is unneceffary to point out the great 
advantages which muft refult from fuch an addition . The Editor 
takes this occafion to repeat his acknowledgments for the encou- 
ragement which has been given to his exertions , particularly 
within the loft twelve months , in which the fale has nearly 
doubled .• The quantity of original matter continues to rncreqfir , 
and amounts to more than half of the whole work. Great pari 
of the remainder conftfts in foreign articles never before publifhed 
in this country , together with fame extraSts and abridgments from 
our befl academical tranfaSions . The whole publication may 
therefore be confdered as original, jince it is never made up by 
extraSs from the periodical works of this country y which , on the 
contrary , very freyuentlycopy from its contents. 

* It has been neceffary to reprint • coniiderable put of the former volume^ 
in order to make, complete Set*, which way now be had, ot mj tingle number* 
or Tolumee, from the commencement r . 
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ARTICLE!. 

' f $ 

Joettxrfrcm Davie Giddy, il/.P* dtfcribmg a fiaguiar 
FaM of the irmtfible Emffidn of Steam and Smoke together from 
Ike Ckmmg of a Furnace; though either of dew, fkpanutlf 
Emitted, it vifible at etfiial. 


To Mr. NICHOLSON. 

SIR, Clifton, Augufte, 18<W. 

Travelling, and a variety of occupations, have hi-!***°fi»r HSU 
therto prevented me from fending you an account of the cir- ^^ J^^ 
ctn&Raiices obferved by myfelf and others, during the work- Trevithick** 
ing of an engine on Mr. Trevithick’s conftrudion, at Merlhyn®**® *“**•**• 
Tidwell in South Wales, and which I had thd-pleafure of 
relating le'yeA, feme lime flnce, f| Soho 'Square, I «o# 
tranfmit a fta teraco t of the' faffs, avoiding nil OMHamto or 
attempts at explanation. * 

Mr. Tmvkhhsk having kd«|iM& His fleam engine to the Th« •*•*«* ' 
pnrpofis of moving waggWW. -contrived every accelfery -pun 
as ligMas'fit phSibly could, imd its little inconvenient to per- T ' J 8'» •uSvwsf* 
fons who might affift, or witneft an experiment. The 
for conveying oft the fiftoke, and affording a draff, vfafr made 
Vet. XII, — Samuil*, 1805. M of 
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The (team was 

(after work} 
thrown into the 
chimney many 
feet from the 
fire. 

Neither fmoke 
nor (team were 
vifible. 

When the 
fmoke was (hut 
off the (team 
was vifible, and 
when the (team 
was <hut off the 
fmoke was vi* 
Able# 


' The draft up 
the chimney was 
inceeafed by the 
sdmifiton of the 
fleam. 


INVISIBLE EMISSION OF STEAM AND SMOKE. 

• 

ofjrglled jmp ; and the fleam, which whoU/dcapes from theta 
machines uncondenfed, was conduced into the fame tube, 
about a foot above* its infer lion into the boiler ; therefore many 

, feet from the fire, and beyond the regifler. When the engine 
h*»gan to move, it was foon remarked that neither fleam nor 
fmoke were feen to ifiTue from the flue : and when frefti coal 
was added, nothing more than a faint white cloud became 
apparent, and that only for a (hort time ; nor were drops or 
mift vifible any where. It was propofed, tliat the regifler 
fliould be (lowly clofed ; and as this was done, a condenfation 
of fleam manifefted ilfelf at a fmall diflance from the chimney, 
i and Anally appeared in the fame quantity, as if it had pro- 
, ceeded immediately from the boiler. The experiment was 
then reverfed. The fleam was gradually confined to the 
boiler; when fmoke became more and more vifible, till it 
equalled in quantity and appearance that commonly produced 
by a fimilar fire : and thefe trials were alternated a great 
number of times, with unvarying fuccefs. Laflly, it became 
! a matter of fpeculation, w hether or in w hat degree the draft 
e was affe&ed by the admiflion of fleam into the flue. To 
ascertain this, every one prefent looked as attentively as 
polfible into the fire-place; while the engine moved at the 
rate of a few flrokes in a minute; and all agreed in de- 
claring, that the fire brightened each time the fleam ob- 
tained admiflion into the chimney, as the engine made its 
flroke. 

I am. Sir, 

Your very faithful humble fervant, 

DAVIES GIDDY. 


Qu a Ntctpomc Stone that Jell Am the Neighbourhood gf Sigem f 
i 177$, by Prgjej/br ?kov*t\ 

S f w i hw g - The author jtagias hi* paper by feme previous hiflorkral 
■naTfilhn? kT No 9 pc nPV queftiom, ,th#t Aooes ha aw Mien from 

ewiwMies, Ihe atmofpbere in different parts of the world. The ancient* 

... ♦ Abridged from the Journal de Phyfique, for March 1805. 

s v : mention 
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nentidn it n having occurred at various tiroes andllfef tfgcf * 

have recorded the time and authenticated circuraHance*- of 
feverai fach incidents. In oor own days Hones or mineral bodied 
termed meteoric, have been collided in the Eaft Indies, 

America, Scotland, England, France, Italy, Hungary, and and In all parts 
lafHy in Spain : and that nothing may be wanting in future | 0 of die world, 
convince thole who refofe their silent to the united teHimony 
of aQ ages and all countries, nature appears to have purpofely 
ordered a repetition of this furprifing phenomenon: no longer 
qgo than the 2fft h of April, 1803, a (bower of thefe Hones Shower of Hones 
cove r e d a fpace of ground two miles long and above a mile m l *°l* 
broad, near l'Aigle in Normandy. The French InHilute im- 
mediately nominated a coramiffioner, to examine into the fad 
on the fpot, to take the depofitions of witnefles, compare 
them with the circumHances, and bring fome of the Hones to 
Paris. 

As the HrH thing to be done with a hew in iocra logical fab- Anafyfii of 
fiance, is, to analyfe it, the Prefident of the Royal Society of bodies 
London, and feverai other gentlemen who had fudi Hones in Howard, 
their collections, put them into the hands of Mr. Howard, a 
Member of the Society, that he might fubjed them to chemical 
examination. He found to his great furprife, that all’ thefe who found the** 
Hones, from the remoteH quarters of the globe, contained 
the feme principles, differing only in proportion ; and, what tioo. 
was Hill more firiking, that they all contained iron combined 
with nickel, a compound to be met with among none of the 
minerals in any part of the globe with which we are acquainted. 

Vauquelin has fince confirmed by repeated experiments, the 
accuracy of Mr. Howard’s obfervations. All men of fcience They have 
have hence been led to conclude, that thefe Hones muH have therefore a 
a common origin; but whence they originate is the queHion, commonori ** 1 s 
Do they belong to that earth on which they fall ? are they bat whence t 
formed m the stmofphere itfelf ? or have they been projected 
from lunar volcanoes ? On thefe points men's fenlhnents are 
divided ; and the arguments have been collected by Dr. learn, 
in his Liikeiogie Almojphdriqut* 

One of thefe Hones ba» been in the royal collodion at In the col* 
Madrid ever fince 1773. This the minifier has allowed Madrid.** 

Mr. P- to analyfe, leaving the principal part of it Hill in the 
eolledion for the fetisfadion of the curious. The following 
tetter was feat with it to Don Manuel de Rods, MiniHer of 
State, by the captain-general of SaragofTa. 

B2 "In 
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Account of its * 44 In BTdvwmber lad an* extraordinary o cC n rfo acd, 

**** Uve happened ontbeSeveirteentli of that Meethhr* ploughed 

fieWbat 'Sena, a village mthediftrt&ctf fi iga fcm, was the 4eb* 
y*6k of convcrfation ih this city. 

4 * The (ky being perfedly ferCne, three reports re fe mb li ag 
tbofa of cannon were heard, and followed by the fail rf a 
fhm weighing nine pou nds and one Office* at Httfe did — re 
hrbrti two labouring men. One of them went up Wit, bat 
the (hong fiaeil it emitted flopped him a moment, 
r *' Recovering from his forprife he weot nearer, raifed it<«|» 

with his fpede, and whited till it was faftrientty'Ctokl for bin 
to carry it to the village, Where bt delivered it to the 
pried. 

44 From inquiries made immediately afterwards an the fpot, 
and among the people in the neighbourhood, it appears, that 
the noife in the air and fall of the done were not accompanied 
with any ftbrmj or with lightning/' 

Another tofetea- To brfag into one view all that is yet known of (tones fafri 
ncAowvrof m tn g i n Spain, the author fubjoins a letter of the Bachelor 
. atRoa^n Spain, Cibdadfoil, on thofe that fell in 'the village of Ron* near 
» *43*» Burgos, in 143$. 

Ill dfe view ef “ While the King Don John and his court were hawking 
the Ring of near the village of Roa, the fuo was concealed behind white 

, clouds, and bodies refembling gray and blackifh fames week 
feen to fell from the air, of fuch bulk as tooccafion She gntateft 
fefptHbw 

The ground was “ After this phenomenon had continued for an bear the 
wmed with re-appeared > and the fhfconers immediately rode to the 

place, which was not above a mile difiaftt. They bvoogbt 
back information to the king, dial the ground Was fo com* 
1 4 plefely covered with ft ones of all fines as not to be viftbb. 

.... M The king would have gone thither, bat hts coartierb 
prevented him, obfervmg, that a place ohofon by Heaven for 
the theatre of its operations might not be free from clanger, 
and that be bad better (end feme of his attendants. Gomes 
Thefe $or,ts Bravo, the captain of his guards, ^undertook the office. He 

tojf brought four of the denes to Rea, whither the king had already 

’ b . retired.' They Were of confiderable (?0e : feme were roondi 
and as latge as a mortar, 'Others like piHew* and katfcfimeqm 
SKtremdy light, meafures (fuch as contain about 45lbs weight of corn,) but 
whet .was food aftonifhiog. Was their exceffivc ligblnefa, fined 
4 tba 


covered with 

them* 


Thefe Sor.ts 
were very 
large. 
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tklbffrt id Hot weigh half a pounds They wweo# fach and 
ft lender textore, lh*t they 'rafetobled the foam e# the fca texturt# 
cmufcenfedtftore 4ban any tbh|g. You might drike on them 
With* yourdfeild’ With** fear of b«uife> or path/' or k he flighted* 
m*rk. The kmg hit 1 ordered fente to he fetft you, &e. ¥ 

ft fbgtnaTforfc this* defbriptkta; that thefe denies mud hare k ■ ' 

hhd u #hry^iffhrent from Ihofe ef the prefeat*day» ' ! 

Thd fttttie 6f Sigena, when delivered to Mr. Frdtrd, weighed The done of 
da pounds f fen ©imee*. With it was a piece of three or four Sl « cjl * <,cfcrlbe< ' 
ounces, the only one remaining of thofe that had been broken 
flo t u k hy-curious peffons. It was interfperfed with fpots of Interceded will 
raft, both eKtdrnatly 1 and internally, owing probably to its tttfty 
havtdjg been 5mm or fed iti water to try the efFdd of that' fluid 
on it. From' thefe however. Tome inftrudrve inferences may 
bo drawn refye&ing the native place of thefe ftones. 

Its diape is- an irregular oral, feven or eight inches long* Itf figure, 
four or five broad, and four in its greeted thick nefs. One fldtj 
b ftatttfh, a litkle deprefled in the middle, and very round otf 
the edges : the other is an obtufe tried ra l pyramid with on-i 
eqeaffidfes, greatly rounded at the fummit and on the edges ♦. 

It appears to have had the black vitreous crud coramdn to It had a vltreow 
tones oF this kind, though from its fragility the greater part 
has fallen off in palling through many hands and receiving 
occafional blows, fo that none remains except in the hollow 
of thd bafr, :and a little on the faces of the pyramid. 

On vetammrrig this crbft it is eafy to fee, that it mod have This muft ha*t 
been the efle& of heat fubfequent to the formation of the 
done, and unquedionably very powerful though momentary ; menuryheat 
flnee the metallic and fulphureou* particles Immediately A ncc itt fonja*- 
beneath the crud had not time to change fcolour, or even lofe 
their ludre. ' 

It has all the poroflty of an aggregated mafs of Tandy It is porous, 
particle without any cement, fo that the breath will eaflly 
pafs through 1 *a piece held between lhe teeth.* ’ It will not not very hard, 
drike Are with flfeel, and the fame may be laid of the pyrites 
it contains. 

Its colour is a uniform bltiidi gray, like that of a black Tub- of s Wui(h gray, 
dance enlightened by a white : it is the hue of an earthy com- 
pound Ringed .hy iron oxided at a minimum. < 

# Poes this dtfeription agree wafat what is laid above, that &vtral 
.pieces have been bjnojfcg from it ? Apparently above a quarter of 
tUc on comparing its original and prel’ent weight. J. C. 

The . 
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tnafs 

imerfpf rfcd with, 
meta !ic and 
fulphuieoui 
pare idea. 

Its granules act 
cryftaiine. 


JJett deepcsed 
its colour, 

and raided the 
metal. 

Cieater heat 
f ufed it. 


It contained 
siuch magnetic 
sun, 

combined with 
pickeU 


Conffitoent 
parts of the 
remainder# 


The Am* it Wf it a (indy mafrt fqmi of fwnM wrf * 
grains, the JargcA of which .are feared/ bigger .then: hemp-, 
feed, among which ere interljperfad metallic end. fulpbo^, 
ripas particles with ^11 their primitive l*>Ate f #nd .particularly 
with that light dint of kopfcf nickel obfervodin t|ie o|ber 
Aones. On examining the forth/ grain* by the mip roty op c , 
we perceive,, that, far from, having .hnon* ^Aiiaped h/r4b© 
movement of water, they rue globules gough with cryAaHine 
or reflecting points, fo that |huy can by no meant be con*> 
founded with faad* 

A piece of about two inches being eatpofed levied bpeh 
in a crucible for half a quarter of, an hour was much changed & 
the fandy globules became of a darker grgy, and the metaUio 
particles, diveAed of their luAre^ were vifibly oxided. 

About two ounces were heated for half an hour in a forge 
Are# which converted the A, one into a femivitreons mats, 
blackifb, and flightly porous. It did not appear to have 
efiervefeed much previous to fufion, god was intqr(perfe4, with 
globules of iron, which had not lime to defc$nd» though 
upwards of a hundred grains of a regulus were, coile&ed at 
the bottom. 

The iron attra&able by the magnet was not uniformly 
mixed in the Aone, as from feme parts 22 in the 100 were 
extracted, from others not mpre than 17. 

This iron was combined with nickel in the proportion Off 
about 3 per cent. No nickel was difcoverable in any other 
part of the ftooe. 

After this alloy was feparated by the magnet, the remainder 
of the Aone was found by anaiyfis to conhfl of. 

Iron fulphurated at a minimum 
Black oxide of iron ... 

S.lex . 

Magnefia - 

Lime anil magnefia in quantities too fmall 
to be appreciated 


12 

5 

66 

20 


103 

'Kewbypothefis. On confidering the rapid alteration of thefe Aones by 
^ab^'fnthc mo *^ ore * f° r a fragmentkept twelve hours under water w^s 
polar regions, taken out covered with fpots of ruA, which diAinguifted the 
grains of alloy from the fofphureous particles with which 
they were before confounded ; — it is obvious, according to the 

author 
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•iAor> tfca* l)ic)ilikiMl iB any of the habitlMe parts 

of the globe, Eat from the eternal cold of the polar regions 
'where w*t<* feo^ins for ever a: total mafs, and iron cannot 

rufl, lie thinks we may reaionably look to tliefe regions as the 

native place of fuel) bodies. In this he inti (Is there it nothing' 

impofljblc, or even improbable. And why fhould thofe whence they 

. , ' . . are conveyed to 

rueleors he demands, ol winch we know neither the origin, ot h er paTts ^ 

the combuftibles ihat afford them aliment, the impulfe by meteor*. 

which they are moved, nor the nature of the lines they 

defenbe in their courle, be lefs capable of tearing them from 

fome pari of the globe, than of forming them* contrary to * 

all phyJical probability, from elements which the atmofphere 

can neither create nor hold in folution ? 



^Mechanic ' Pdtocr, in Reply to'Mr'. J. C. 

IJitnbh mn\S H a \Lctten Jrom K Afr. 6. OfcftcbkY, fttyal 

Mil.udeadtmf. . 

•' ■ ' • ; '• ■ » . J . t< • • ' * ’ } / ' 

, , To Mr. NICHOLSON. . i* 

sir,; • . 

AM/fqfry to be under the neceflily of troubling, yqq withP ref *^i\ 
a few observations for infertiqn in your Jourpal, jo confeqqence** 01111 *** 
of being called upon by Mr. Hornblower, as .though it were 
to defend fome newfangled doctrine, when j^be portions in 
Thy former letter, which that gentleman thinks proper locen- 
fare, are in perfect conformity with the principles aUumed or 
demonftrated by every corredt writer on mechanical philofophy 
fince it has been placed upon its proper bafis in the Principue 
of Newton. The fubjedt I am now invited to difeufs, has fo. 
frequently been exhibited in the oleareft light by various 
authors, both in England and on th;e Continent, that I (hould 
not think mytfelf j unified in occupying many of your pages 
by an tfaborate differtation ; out of regard, .however, to fo 
refpedtable a correspondent as Mr. H. I cannot help entering 
a little into the difcuffion, though I am, I confers, quite unable 
to afeertain whether his laft letter is meant looppofe my former 
remarks, and thofe of Profeffor Robifon with ferious argu- 
ments, or is merely intended as a Jeu dfejprit* 

It 
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It fflimit l hap* JmespriatoL tltoi'M)#tfM ttof im* 
what inftancea, Ur; H’t MOMdrkt; appear to In4 comptefteljr fn» 
raktiMi to' the tebjedt in Jmad * orthofc* iirWbioH Ha teems to* 
have ssifendprftood the arguissbtsof the hteltlliliMtete 
tech * procedure waakkonlyleail into hM#temlifeiAeiiji tflkiftM 
I feehteliaitoMis^toavoid^it, foster i oq e fei oaftiafe *hafr te wwit* 
be, vff> wrintMeAing to mail of you pfeadew.* 1 teaH ter ire* 1 
to, coffin# mytrif, .thentebre^ ta<faeh of Mir. W* enquiries st 1 
bqa* iipwn. the, point io di^mta^ ^amirtei the fcke of oondentlng* 
n>y UbwrdJ ftiall. begin wtih that to bis podfcrrpt. 4 ' ‘ 

Ate *nim»l Fif ft thus# f« mill eadmvwf<toi« r fet -Mr. H‘. right tftoK* 

excni n and ic^ntb/ tf uwtoul mrtums amt tmekanief powers aftW^ffcw* 
rocch anic power en( j ^ w jH re q U [fi^ e to . wm§mm$ > the ■ que#iofV~ # Mf HUM** 

chanic power ? excluding, for the prelent, that acceptation 
o#"ttoFT»OFfik w t we fr if if uircterff ood to denote oiftfdf the fiST 
fimple machines. Now, it is*pfetty obvious, that the terms* 
power, force, &c. when ulea in mechanical fdence are 
purely ipefaphorica(v .^s mPfafelfor Degakhi tt to tfca rrii re-* 
mark*, (Efawfi) o£ th* PMtffrfa <tf tk* Ham * k *MI*d, 
p. $ 02 .) " All the languages which have hitigMtaafeiiftiMii 

the world, have derived their origin from popular ujb; and 
their application to> pbilofophical purpofcs was altogether out 
Rife and ap- of the view of thofe men who tirft employed them.” Language 
tcrtn^forcc^ commence d among ft fimple men, who, had ljttlp, iff^acJ 
power’, Scu * qiiatotffitcfehwith what is now called' fcience : anct > jn Umb 
gfaddtff ptogrefs of molt nafipps, from the lavage to tjhf£ 
fhephehi date, 'thence to the agricultural, and farjn^r to itbp, 
cotntnerciaf iftate^ it Would* be verylting before they wqul<i 
thtnR of attaching any other meaning !to the terms in the dif-s 
terent languages, correfponding to power, force, action, re«% 
fidance, repuffion, &c. thari thpfe which were men Heft ly re-* 
finable to* the different kinds ofWtpan, or of epimal exertion- : t 
in fubfvquent times when fcientific men began to claflifj% ? 
arrange, and fyftematize the phenomena which they obferveijt 
to the cfengrfcfs, motion, and mutual operating, of bodies,, tbpy 
found it much eaffe? to debote the circum&uices they wouky 
deferibe or treat of, by A figurative application of ola tensu^ 
to which (bme analogous notions would neceffarily be attache^ 
by every perTon, than to invent ncyv ones, which would b$, 
attended 4 by no* ideas independent of an arbitrary definition*. 
Nfce, in this application, vyas Ihqre any danger of important, 

error 
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error, for the thing* to which the terms were appropriated 
would exhibit fbch fpecific differences a* would almoft entirely* 
preclude the chance of confounding one with anoriier ; and 
leave no room to tear, tlrat when the terms were applied to 
inanimate beings, they would be concluded to exert frrengtb, 
er to poflefs power, a* animals did ; atrv more thhti we thoufd 
now fear being mifunderftood when wefpeak of the force of 
arguments, the attractions of benevolence, the fafcinafion* of 
beauty, or the reptilfive tendency of envy. Thtis; fmm 
contemplating the procefs of this gradual refinement, (a re- 
finement produced not by barren fpeculators, hut by th® 
neceflary demands occasioned by the progrefs of civilization,) 
we fee that the words power and force, primarily ufcd l& 
denote animal energy, are now, by a natural extenfiwr 
grounded upon an obvious analogy, employed to exprefr 
efficiency in general. It will hence be eafy to affign the proper 
philofophical acceptation of thefe terms when ufed in the 
fcionce of mechanics Force or power , in a viechafiieul Jbtf'e , -Definition of tb* 
is that , whatever it be uhtch cnvjes a change in the flute qf rr p^wcr. ° ^ 
body, whether that flute be refl or motion . This definition does 
not require our entering into any mctaphyficaf dilquifltions 
relative to the nature of caufes, or the connection ol caufa 
and eflfeCt: that every event is brought about by tome caufe* 
that is, by fome agency, or fomelhing which precede^ in the 
order of occurrence, is a truth which I think, none will be 
difpofied to deny ; but what is the agency, or where it actually 
refides, we can feldom know, except perhaps in the cafe of 
our own voluntary a&ions. It is not then the bufinefs of the Forces only 
mechanift, finally fpeaking, to enquire into the modus operunrfi; 
we learn from universal experience, that the mufcular energy thence meafure* 
of animals, the operation of gravity, electricity, impa/t, abc * 
preflure, &c. are fources of motion, or of modifications of 
motion ; and hence, without pretending to know any thing 
of the eflence of either of thefe, we do not hefitate to call 
them mechanical forces ; becaufe it is incx>nlrovertible that 
bodies expofed to the free a&ion of either, are put into motion, 
or have the ftate of their motion changed. Forces therefore, 
being only known to trs by their effeCis, can only be meafured 
by the effe&s they produce in like circumfiances, whether 
tbofe effects be creating, accelerating, retarding, deflecting, 
or preventing motions : and it is by comparing thefe effects, 

or 


Digitized by v^ooQle 


|£ UK. <3*1*04 T OH MMHAIUe . 10W4*. 

or by referring them to fern* commons nmfam of roriyofK- 
prociaiioiH that mechanics is mod* one qf thn tiolhamlinol- 
fcienreft*. . , . ■ « 

Ammal rffnrts TM* obfc*rv*ttpo* will enable Hi tofet .Mr.dL-f’rightjmi ' 
to identity of tmimtd-tmrtim mA mtekarne »«” oimel i 
qfforu.aie juftly confided, both by the Mathematician an4* 
tb? pia^ical Engineer, t> ccmftituUagom Jmrim of mechanic 
power ; when tbofe etforts, give to bodm* equal mopa o o t a , or 
give to. eqpal bo 4m equal veleeiUes, it-is 
animals exert equal forces s &ad we fajr that anip*J power to. 
ggfpleftos bfs, as it is capable of imparting 4o bodies greater' 
qr |efe momenta, or east is, capable of Aepptag bodies mowiogi 
with gt eater or tefsmomwla aed the h&gmpR of<fcieoSifim 
men is analogous to this when limy fpqebmf onyjbrees what* 
ever. ,, , >' • »'i » n ; <" • «r, 

t^allr. - It is now time to ptoceed lOiMiv JEfaeiblewe> y s aid f naik er - 
ffcimltir fioos upon the infiance 1 adduced {and maey others might be 
adduced) to fbew diet Mr. Sweeten tDfafure of 'Mchamoal 
power and effed is not oniverfaUy appbcabla* I s^Ktid, 

. .. . ' * i • Ut 

• That Mr, Hornblower may not reft upon the mere authority; 
of any theoietic man, 1 I beg to throw into this note an extract 
from the Meehan qve Philojofifuque of M. f rony, an Engineer^ who 
unites with a prefound acquaintance 'with the theory, an erfhnriflve 
JtsftlCCj and whole example ill this refpeft I fhould finctitly rejoice* 
to fee more frequently i mi tart d vn this country, 

• 4 La natuie d* ettie caefe de motmxneut, nofffflnde farce on 
JmiJfrncti nous eft toutf4~fatt iuepaoee* Thbrame appelk farce la 
, faculty grganique. qu’ij a de fe meuvoir, de t ardter, dr prodoire 
on de fane ccfltr fa mvuvoi^nt des corps qui raanreaetat}. ct 
fens fevoir en quoi conhfte cette faculte, il a flippy# qu'il oifUit, 

, quclque chofe de fnnblable dans les agens phyfiques qui font ou 
qu'il cro t etre, fur le globe tcrrcftie et dans Tunirers, les caufes 
du meuvement de d.&rens corps. Mais nous n’avons en me- 
mnique, ancon befoin de connaitre la nature de la force ou JtuiJfance 
q«i eft reptffentfe, mefaree et introJohe, dans le calcot, * unique- 
merit par les ejfau qu’elle produit. Ces effcts fe rfduiftnt toujoirts 
* <&• ueteflss que k* pui fiances ou tendeat S 'donnar, ou out 
eftefUvemcnt donates & de cenaincs stalks." M Pamii les disuffe*' 
puiflaoces que la nature nous offre, il ep eft un* *r£s remarquabie 
dont il convient de prendre les effets.pooc t erase, da comparaifoo 
de crux des autres puifTances ; e’eft la fiefameur, lcrr/$re a la furfacp 
de la terre,*’ &c. p. 2Q f 
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that a horfe (landing (lilJ and fufiaining a weight which hung Reply to Mr. 

by a cord over a fixed pulley, would, after a due interval ol H . 8 rema d«oii 

tnne, be completely fatigued, although neither the animal nor menu 

the weight moved, and that, of confequence, there was a 

power expended, of which Mr. Smealon's rule did not furniih 

an adequate meafure. Mr. H. as though he underftood me 

to affirm, that fatigue was the only indication of mechanical 

power expended, infiead of limiting it to animal efforts as the * 

connexion evidently required, exclaims, 44 it is really difficult 

to be grave on this occafion p. 268. and argues in a kind of 

exulting drain which favours a little, I am afraid, of the fpirit 

alluded to in the French proverb, Chanter le triomphe avant 

la vidoire! Let us, fays this gentleman, have a “ poji infiead 

of the horfe, and furely that will not tire, and what will be 

the confequence then ? why then there will be no power 

expended, and no effeft produced.” Mr. H. then, it would 

feera, has forgotten that the pod is retained in its fituation by 

a force which in this cafe oppofes that of gravity acting upon 

the fofpended weight. The cord running over the pulley and 

fudaining the weight, being fadened to the pod, would move 

it, were it not that the cohefive force of the earth in which the 

pod is fixed, changes the fiate into which the pod would be 

brought by the adtion of gravity upon the weight, and is 

fufficient to retain the whole at red. If the pod were fot in 

loofe fand, or in a quagmire, the weight would draw it away, 

and then I fuppofe, even according to Mr. H\s notion, there 

would be a .power expended, and an eft'edt produced. So 

likewife, in Mr. H*s other example, of the hat hung upon the 

pin, the force of gravity is balanced by the cohefive force of 

the wood or other matter, into which the pin is fixed. But it 

would be egregious trifling to dwell much longer upon fuch in- 

fiances as thefe. Mr. H. conceives, if I have not completely 

mifunderfiood his meaning, that there is no 41 mechanical 

power” that is not 44 made up of a mafs of matter moving 

with a determinate velocity and as fuch an opinion mud 

either arife from negledling to diferiminate between caufe and 

effect, or from a virtual denial of the whole doctrines of 

ftalics, (in which powers are excited without any motion 

being produced,) I (hall hope to be excufed though 1 vvafte 

no time on a refutation of any fuch pofition. 

* Indeed, 
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Indeed, much of Mr. H's reafoning, not only with refpeft 
(o the port and ihe hat-peg, but throughout his paper, teems 
to reft upon a tacit adtnffion (not a dii'eet avoWa ?, it is true,) 
of the erroneous notion, that forces exerted by animated 
beings, and thofe operating through the intervention of in- 
animate things, are totally diftin#, and cannot be fubftituterf 
the one for the other, or have a fair comparifon inftitirtec! 
Familiar iltufcra- between them. Whereas, on the contrary, not only the 
theory hut the pfa&ice of mechanics, proceeds upon the 
principle, that thofe forces are equal in degree, however 
different in their origin, or various in their mode of operation, 
which produce equal effects. Thus, for a familiar example, 
in the boring of a piece of ordnance ; the borCr may either 
be brought op to its proper petition in the 1 gun by the a#ion 
of a man on the handles of a wheel, connected with the borer 
by rack and pinion work, or by the a#ion of a weight at- 
tached to the farther end of* a lever proceeding from the axle 
of the lame wheel: and Mr. H. might as well deny the 
poffibility of the w ork performed beibg the fame in both thefo 
cafes, as deny that a 'height is kept from falling by an equal 
force, when prevented either by an ariimal, or by a fixed in- 
animate ohjid; or deny that there is an expenditure of me- 
chanic* power w hen a man countera#s the operation of gravity 
upon his arm, whch extended horizontally. While fpeaking 
©f the prop<»firion w'hich includes any fuch denial, we may 
fafdy apply to it Mr. H*s own language A more errone- 
ous propofition was never introduced into the theory or 
practice of mechanics.” 

Mr. Hornblofrer has taken the trouble of bxfra&Tng feveral 
pafFages from the Article Machinery, Sup. Ency . Britan . 
Miftakeof and among them has taken that which exhibits Prbfdfftr 
Profcflor Robi- R 0 bifon*s meafufe of the exertion of a man, w’ho walks at 
the rate of 60 feet per minute, and raffes a weight of 30 
pounds. The mcafurC $7660, which thi& gChtfeman thinks 
enofmoufiy loo large, is, in fafl, loo fmafl, in fo far as Ft 
does not include that part of the exertion required by the man 
to move himfelf. It was this ©million of the learned Profcflor 
that induced me to lay down the general fiatement at p. 15? 
©f your 43d Number, though I thought it might be deemed 
inviduous if 1 fpecifted n>y motives in that place. But when 
Mr. H. had commenced the' labour of extra# ing, it would 

furely 
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fc*TC,frtwfhah cfrfWIdnprnfoi™ mpuffhge which fink** 
with great fern .agnioft Ibe, uliiverfabty of Ms Smooton** 
foeafure, at ibe^faw lime that it admits the,utihty of thto 
epeafore 4 q ertgifieets in many cafes. This pafluge h ^ 
follows When a weight ef fiat pfttinda nY employed to 
drag up a wfetglkt<t>f‘4hrdfc poanda, by mdaas of a thread over f ure , 

• pulley, it defcends with a Motion u*i family accelerated, 
fair feet in the Juft foeond. Mr. fanCaton would call thrs an 
expenditure of a mechanical power 20. The weight three 
pounds is railed four fret* . Mr,* Saaeaton wbuki coll this-0 
m e cha nical efteft 12. Therefore tiDe effed produced is IK* 
adequate, to the power expended. Bettbe fad is, that the 
paeffiire, drain, or mechanical power, really exerted in this 
experiment, it neither five nor three pounds; the five pound 
Weight would .haive falleB 16 fleet, but it fall*' only four. A 
force has therefore aded on it fufficient to asakert riefohbe !* 
foot in a fecortd, with a uniformly accelerated afotkm, for ft 
has. coanteraded fo much of its weight. The thread was 
framed with a force equal to $} pounds or d of $ pounds 
Jn like manner, the three pound weight would have fatten 
16 feet ; but it was raifed four feet. Here was< a; change 
precisely equal tothe other. A force of 3J pounds a ditig on 
a mots whofe matter is only three, will in a foeond, caufe it 
to defcnbe 20 feet with a uniformly accelerated motion. Now* 

5 x 12 ^d 3 x 20, giue the fame produd 60. And thurwte 
fee, that the quantity of motion extmguifted or produced, and 
not the produd qf the. weight and height, is the true unequivocal 
meqfwre qf mechanical power realty expended, or “the tnechunteai 
qfad realty produced ; and that theft two are always Ufutdond 
opposite. At the fame time, Mr. Sraeaton's theorem merit* 
the attention of engineers ; becaufe it generally nmfuree the 
opportunities that we htrve for procuring the exertion of 
power. In ftmefen fo* Mr. Smentonauay fay, that the quantity 
of water multiplied by the height fodn which it defceods itt 
working our machines, is the meafrre of 'the power expended! 
becaufe we mu ft rarfe this quantity to the dam again, tn order 
to have the fame ofeof it. It is expended, but not employe 
ed, for the water at leaving the wheel h fall able to do foam* 
thing." 

In oppofition to all this, Ms H. I foppofo, would fay that 
this is. not a mh in paint, heoaufo, "if the weight defaced* Smeubn both 

Quickly concede the 

4 JpoUtiadebste. 
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qnScMjr it is fc s^ My c ompounded wkh ttooiher tewv *&« tht 
occdtfatioo tff gratHy.' 1 Or, adopting other language of 
Mr. Smeaton, he night reftriA hh meafvret to * the height 
through which a body Jfo»/p and equally defcended, or t6 
which it wtt railed*" But if, inffead of the body's afcend- 
tag or defoending Jtowly and equally, it moved rapidly and 
irregularly ; or, if the notion was reciprocating, the velocity 
increaftng from quiefoeoce: to a certain magnitude 9 and 
dMnintfhmg to quiefoence again; or, if wo refer to the re- 
tarded rile and accelerated fall of heavy (tempers ; in focfc 
cates if Smeaton's meafttre he applicable, I wifh to fee its 
manner ot application explained ; end if it be not oniverfally ap- 
plicable, a point which is, in reality conceded both by Mr. H. 
and Mr. Smeaton, there is then as to this head no ground of 
difference between us, and Mr. H's Mi letter becomes in a 
great meaftire a fuperfteous labour ; for, admitting the want 
of univorfality in the rule, is admitting all that I affirmed* 
Had not the meafure been often very injudiciouffy exhibited 
.as sums trfal, a thing which Mr. Smeaton hhnfeff certainly 
never intended, I (hould not have at all referred to it in my 
formes paper. 

•* ***** Mr s It may be deemed a flight deviation from the immediate 
m&htmEjk objeA of this letter, but I truff a juffifiable one, if I briefly 
•ugkr to be di^ notice thefurprize exprefled by Mr. H. on account of ProfefTor 
Hobtfon’s diftingurthing between weight and heavinefs. 
That the three terms gravity, weight, and heavincfi, admit of 
• palpable and obvious diftm&ion, is, in my opinion, in- 
dubitable: and till this time, I imagined it was univerfally 
reekoned one great excellence of an accurate philofophical 
dafquifitioo, that it comprifed a careful difcriroination of the 
various acceptations of thefe and other terms, which were 
commonly reputed fynommous* There may, undoubtedly, 
be occasions in which a cautious fele&ion from words of nearly 
fimilar tfnport may he dffpenfed with : but there are many 
inore, particularly when handling philofophical topics, where 
this easeful choice cannot be fafely negle&ed. And an at- 
tention to this point appears the more neceffary, when it is 
recolle&ed, that greater port of the controverfies which 
have been agitated by men of fcience, have been rather 
^ verbal, than relative to things in themfelves. To contend for 
• the nie of . mpny terms to exptefe one idea, infteadof feeking 
' • for 
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for adequate feparale expreffions to denote every idea the 
mind can form, is to facrifice precifion and accuracy at the 
lhrine of an ill-judged fuperfiuity. Tire common refemblance 
between words efteemed fynonimous, does not compreliend 
the aggregate fignification, but fome ifulated particular at- 
tendant upon all, in fome fuch manner as may be traced in 
individuals of the fame fpecies: there is generally one, if not 
more qualities, on which a manifeft diftin&ion depends ; and 
the determination of fuch qualities is highly deferving the 
notice, not only of the linguift, but of all who aim at philo- 
fophical precifion. I have not leifure to look attentively 
over twenty-five ciofely printed quarto pages, in order to find 
how Profelfor Robifon diftinguifhes heavinefs from weight. 

But the labour is unnecefiary ; for the diftin&ion has often 
been made; and I will take the liberty of delineating it in the 
words of an author who is in no danger of having his fenti- 
ments warped to fquare with the tenets of any fpcculative 
mechanical fyftera : I now advert to Dr. Trufler, who in Ids Trufler’s re- 
work on fynonimous words fpeaks thus : — 

€t Heavinefs, weight .— In the figurative fenfe the difference 


of tliefe words is fo extremely great, as needs no pointing 
out; in the literal indeed, they are often confounded: con- 
fidered then in this Jaft fenfe, heavinefs is that quality in a 
body which we feel, and diftinguilh by itfelf : weight is the 
meafure and degree of that quality, which we cannot afeertain 
but by comparifon. — We fay absolutely, and in an undeter- 
mined fenfe, that a thing is heavy ; but relatively, and in a 
manner determined, that it is of fuch a weight , for example, 
cf two, three, or four pounds. — A thoufand circumftance6 
prove the heavinefs of the air ; and the mercury determines 
its exa& weight,” Vol. I. p. 133. 

My letter has attained a much greater magnitude than was 
at firft intended, and I will now conclude it. The remarks 
I have been tempted to offer, are founded upon the moft 
corred interpretation I could put upon Mr. Hornblower’s 
language; and if I have any where mifunderftood his mean- 
ing, I fhall be pleafed to fee that mifunderftanding candidly 
removed. I entertain great refpc& for that gentleman’s 
talents a s a practical engineer ; though I cannot but think him 
completely wrong in moft of thofe remarks which have oc- 
C*fioned ibis communication. I have replied to fuch of his 

flti&ures 
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#Hanm m tore -mf Malta to «yf<g$ I fbfelteM* wM t t i l 
Mtiumy : 'bat 1 

Hat waan the garb of contmanfy. Md .nfontly hop*- life 
Oft att awM ary part w/M tie p—niita to tcrnriaate htae> 

• I a», "Sir, 

■‘ ¥bur*$, wilti ma«?h refpeft, 

" OLINTH0S 6fc£G0&tr 

% al "MIL Academy, 

Wool kuicht Aug. 0, 1803. 


'Dtftrytion and T]fb&t of an Apparatus for ratjtng Waist fy 
MedhiVf Ait cdiifonfcA ih its bifttrit through an inverted 
if plum. Sf Mr. WiIliaM Clos*;. from the Inventor. ' 

To Mr. ttWfKttJSOtf. 

SIR, DaUrntr Jvfym, 1BQ5. 

JMmncetothe In ope of roy letters, feme time fgo 9 I itfefly noticed rui 
engine. 4 ** ?hon experiment I had madfy to determine the pradical value of 
the h>draulic machine; or inverted fyphQo, represented and 
defer! bed in the iirtl, volume of the prqfqpl feries of your Jour- 
nal ubferving, that, at Tome future period* I might pro* 
bably tranfmit to you a more particular account. Having 
fince repeated the experiment, I now fend you a letter opoqp 
the (ubye<^, for I am of opinion that a machine operating upon 
the principle, when coniiruded in the manner herein do* 
feribed, wirt anfwer very well, in certain fixations, toraiig 
jvater for ^nmeftic purpofes ; and although it may not be com- 
petent to perform half as much work as a bucket engine by a 
forcing pump, yet it may be kept continually employed, and 
be fubjed to very little wear, as its operation will almoft bo 
performed without fridion. „ 

Prfcdptfooof The inverted fyphon when applied to raife water in the 
aether appar* manner deferibed in this letter, has its higher orifice placed in 
a fituation to receive both air and water, at the feme timet 
The air being conveyed by the velocity of the aqueous column 

. • 5efc PhSlof. Journal, Vol.l. p.tfo, PL IV. 
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tolbo bivoftfirtof (he fypbon, end col MM b tvoii^ it 
employed as the medium for conveying prefliire to raifa water 
in another part of the apparatus. 

In May. 1303, I determined to find by experiment, under Wni an taveit- 
what degree of prefliire it would be mod advantageous to colled 
the condenfed air, and liketprife the proportion then exifiiog down air mi 
between the two fluids moving in the fypbon. The appm* *>****&* u l 
aatui confiru&ed for this purpofe, is reprefented in PUUe /. 

% 1. It required only a (mall (apply of water, hut eon* 
denied the air fufficiently to be employed in the a&ual con* 

Un idion ofa mochine upon the principle* 

A round vertical pipe A B, half an inch in diameter, and 
22 feet 5 inches in length, had its higher end placed in the 
ciftern A, and its lower connedod to a fmall oblong veflfel ' 

C, which had an inverted glafs bottle cemented apon a pro* 
jeding cylinder on its upper fide. From the other end of the 
veflel afeendod another vertical pipe D £, half an inch in • ‘ “ * 
diameter, and 10 feet 3 inches in length, and terminated in a 
crook, 4 feet 2 inches below the bigheft part of the pipe 
A B. - ' 

- The whole apparatus being filled with Water, the ciftern and this air •» 
having a conftant fupply fuffleient to keep the fur face: of the 
fluid juft above the orifice of the pipe A B, when the orifice water, 
of emiflion at £ was opened, the water flowing through A B, 
carried bubbles of air into the veflel C, which afcendmg, dis- 
placed the water in the bottle, and afterwards that contained 
in the veflel C, above the lower ends of the pipes A B and 
D E. At the firil efflux, and after the defeent of every ma» 
ferial portion of air, the jet at £ was preceded Several inches 
from the adjutage, but its curve decreafed during the defeent 
of more air ; for the bubbles did not rife inceflaatly into the 
bottle, but after (hort intervals of reft, diflodging two or three 
ounces of water each time, with a guggling noife, which was 
very audible to the perfon regulating the fupply of the ciftern. 

After the water in the veflel C was deprefled to a level with 
the ends of the pipes, the denfe air carried down A B, afeended 
through D £, and caufed frequent interruptions in the jet; 
for, expanding under a light prefliire, it expelled the water 
in the higheft part of the pipe with violence, and then the 
efflux ceafed for fome time after. . , 

Vol. XII.— September, 1805. C The 
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> m>eon«kHM air/ kowm, cbnW dnyittM'lfc'feritot, 
by?’*/ fiifciaJI pipe which wtas plaeed within the bottle, md 
opened on the oulfide of the veffclC, •'• » i: r, » rr/i k 
j v>^l»e,^9pe AJM^d^ joint above the bofcomef tbeciftc&n, 

' , fo fbttfiiMe the -trial of mouth- pieces ef various fortfft, to find 
Li . ^ ttdridv the appercpiw would £p the raoft air: ate# it i^pu^ed 

« “ < J - 1 : ’ Ihqhaoofblra, .or poltiori, qpodaced tooretfr this effod, thaii 
)4le»fiieipipeM>e«Dktd «t top totecdifo She w ate r hi # 
hmedotkl.-cuffent^ the- higher Medf ^te ortfibfe wds Wok 
more fchaoJwd liedr^etow thefurfacfc of itib Wider -wf <»df* 
tern. It alfo appeared^ that* no. left ; q u a ntit y of - ah’ *** ^ 
k&ed, hfhen thg diameliMr oMheicfcifiop ;of eiuMion was re- 
dated to four lines, tbeft^WheA il-was half ati inch 
Experiments t l Aftcg* federal eicperitoen# tw'determbie'thie quantity of 
air can°hc ^r^^** 6 * requite to Supply the bKpendttete^b^ the cittern, and 
tied down with ktfejfo tie * fbrface of the ‘fluid afceaiajjtely pt the taight betb 
k« water. adafjtted fo* theopefcrtion pf» the apparatus ; feveml* trials wette 
anadt to afoertain- the, qs^ntiity- of air a give* quantity of stfatef 
aqofld boiurepiqtd th^.bottl iWu giren tittle. ~ The teftdtt of 
feveral trials on the 21ft of May 1 803, were as follow : - * 

: . t The fall befog ^iri c fcb f , ^dfhe^titkfc^f emifBbn four 
, hates in- deairieter, th& liwfctted bottle s&bve C 9 holding ten 
ounce meafures ofWter* *wm filled with air, under the prefl 
ftirb olF a coltgpn 18*ffeel'Nlghi* by f 4 pints of wale* flowing 
out at, tfe orifice of Cmiffion at B, In 1 40 feehnds. £.’ By ►$ 
pints, in 133 ftcerrcfe. - < 3. By 12^ plhts- in 125 lecondsL 
By 12 {>ints. . 3. *By 1 1 ‘pits, in 95 lecttnds. By 14 pitots, 
in 114 feconde. 7. By P2 pints, in 102 feconds. 8. By 12 
pints, in 108 foeonds. 

9, The orifice of emiiBon being half an inch in diameter, 
the bottle ’ was filled* by 12 pints. lO. By 13 pints, in 133 
focondt. '41. By 12£ pints* 

>* t2, 1 3*- The fall being 44 inches, the orifice of eroiflion four 
lines in diameter, 1 1 pints filled the bottle in 95 fcconds ; and 
L4 pints,' in ICO feeoads. , v 

The difference in the time, and the quantity of Affluent 
neater required to fill the bottle with air, in thefe trials, was 
xo parts of i lcr probably occafioned by a portion of the air being fomelimes 
on^^condcnfed* 0 *'^** 41 ^ * n the higher, and at other times in the lower part 
air. of the pipe A B, at the commencement of the effafion : or, 

perhaps. 


« Vi 

et* m 

% 


With an height 
of 18 fert and 
fall 50 inches. 
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p*rbap% Hri part; by AewttteKihh* ^^c^fferti : h^‘BSng*I!W^s 

of the feta* height; tor thd dfterfMfeThOt o0e*ff6#,’!$f Mi 

fepp Vied wills greet cm** by ifpilttfp/'ahd 

times by IttttUigf ■ wafer oet bf * VfefWff' Icde^iWg fW 

fttpply fmb ftgitotmg toe contents to* eHKHtf '*4 : feJdi at* 

poffible. . Hatf the bento been hffgkP; fberfc bed ptobdbfy beef if 

shore ffmfomwfy m die rcfiiit* of' to# toltffe. Iif * fifth iff idri-, 1 

I think, however, we (hall not overYetiVthei dpfetaitlbb Of 

Aschidte, by taking 1 Spin!* Mt ttm mkK qutiffify dfefltaint •»*'? whO 

dialer * Alt led white the brwlleHvbS'fiflihgJWttW jlH£ amHfferir 

dedoftiftg thb quantity etipel tod ftioftt the^boUbf;- if aft^atl 

dial 20 parts Of tvkfler carried otielof AioMbwflkhe^itp&'kiB j 

and as ene obnce tneafufe of .eevMenfed^e^’hP'llMtl^al cofi 

toded in 1 4 (broads, f© 16 pints would dblrttf^verV foot. ' 

■ Some few days after thefe euptettadm^ ; to6 jiipfe A B Wa$ Trial with a 
lengthened: le €4 feet T inches, and 'D B^20 teifyiiul ufrdtf length 
hiify tHrd air was carried brto the bottte; f&‘ ttttfth (tbW6t ! thtffJ ° n ° n 1 
before, -thal xfefpicion arofe that! tom* part 1 df 1 tkb^pparaihd 
wat not air-tight; and on thi* (icdl tho 7 p?|^ vv^ 

token down. ' .~n \ > ■ ' ; Ar * • r - ■ ' 

In February ikoi, toe pipes, (Wcvbvdne examined, bad f<H Left air wa« car- 
ip again With cenfktorabte cbret i'crt; ^ WW 24l‘fodfr 7 iftdtaJ ncd down ' 
long ; D B, It feet one inch y ddnfequemty the dilrtreti^b f tl 
the fen WksJrfei^6' fnehhby WUR/this appindfts, WlArt to* 
diameter of the higher otitic* of (lie pipe £>>fi Ur As foil* ItodA 
it appeared by fcurtrtdte (Feb.-2dy t804)i that tbtobowtoktft c 

only on# enhceydf wat e r per toieate. ! I : ' 

When the pipe D E was ftiortentd to^lft toeti’f Indies; Afld 
bad Us bigheil driflcd five toet below ibe furfdce dfUHe Water 
m the cittern, fetir mmt medfare* of comfebftod aU tMfetnded 
into the boWle* dating the etnififott of 16 pint* of *toathri 
through the orifice at E> when half an inch irt‘ diameter: 

The diminution in the cohesion of air, iftthfcfelafl expert* 
meats, was much more confideriblethsto Watt' expe&etf to 
Happen, either frim the abforptton ef the water, or the in- 
creafed conden Cation of the air, which thigh! b&6teefion*<f by 
tofmalt an add-on* being mode te the apparatus 'The jet at ' ^ ‘ 1 

E was projeded more fieadily in thefe laft, than iri the pre- * ^ > 

ceding trials; and the Conden fed air, intiead of fifing into the 
bottle in large detached bubbles* a to ended in a continual firenmv 
like the evolution of gas from the bottom of an tfifervefeing >v ' 

w C 2 jniature. 
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mixture. From the minute divifion of the air, it is not !ok 
probable, that a fmali portion might be carried along with the 
current of water under the bottle, and afcend through the 
pipe DE; but this was not determined. If there was no 
defeat in the apparatus# it appears, that it will not be fo ad- 
vantageous, in the conftraAion of a working machine upon 
this principle, to employ a condenfing column fo heavy as 24 
feet, as one that is lighter. 

Other tries* Feb. 29 , 1 804* The pipe A B being (hortOned to 22 feet 
5 inches, and D E to 18 feet 3 inches, the orifice of the ad- 
jutage at E being four lines in diameter, the bottle was emp- 
tied by 13, 12J, 14, IS, 13, 12, and 14 pints of effluent 
water, in feven fucceflive trials, as in thofe of May, 1803. 

March 9. Wkh a fall 3 feet 9 inches, A B being 15 feet 
one inch, half a pint of air was collected during the difcharge 
f of 1 pints of water. Again, the orifice* of emifflon being 

four lines in diameter ; the fall 4 feet 2 inches ; A B 15 feet 8 
inches; PE, 11 feet 6 inchqp; nine ounce meafures of air 
were conveyed, into the bottle, in one minute, during the diC. 
charge of 10 pints of water, in five fucceflive trials: and 
. when the diameter of the higher orifice of the pipe DE was 
half an inch# the fame quantity of air was carried down in 50 
feconds, by nine pints of effluent water, including that dis- 
placed from the bottle. When AB was 15 feel 8 inches; 
P E 13 feet 2 inches; the fall 2 feet 6 inches; nine ounce 
j fneafpres of jair were Collected in the bottle, by the difcharge 

of 16 pints, in 90 feconds ; in 105 fecoftds, by 18 pints; and 
again, by 18 pints, in 90 feconds. 

March 16. .The fall being 2 feet; A B 8 feet 5 inches? 
PE 6 feet 5 inches; and the diameter of its higher orifice 
half an inch ; ten ounce meafures of air were collected in one 
minute ; again in 64 feconds, when the effluent water men- 


{bred 10 pints; apd again in one minute, when 10 pints. 

Having now (hewn what power a machine operating upon 
this principle may be expelled (o poflefs, I proceed to (hew 
bow its principle may be applied to pradice. 

Fig. 2, . Plate /. exhibits a machine for railing water above 
the cittern. 

R reprefents a cittern fupplied by a fpring, where there are 


DefciifriMi of 
the machine at 
cottviiAeffw 
railing water, 

hy air coadciifca or g ve fell for the water, 
in aw inverted 

tvbM. 


ww. 
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WW, A well or pit fituated below the bed or IMWx levtfifcfcd^ton ©f 'I 
of the Streamlet ; its depth varying from 6 to 20 feet, ^^"^nftroded'for * 
mg to the elevation to which water is to be raifed above the railing water, < 
ciftern, and the number of progreffive columns by which ** 
tstoafcend. fypboa. 

A A, a pipe leading from the r ciftem It, iq a belUhaped 1 
veflel B, fixed a little above the bottom of the well, with its 
mouth downwards. The top of the pipe is crooked, as’ re- 
presented at A, Fig. 5, and there is a joint below, which 
allows theerooked part to be detached from the reft. The 
lower end of this pipe is alfo crooked, and turns under the fide : 
of the veflel B. 

CC, a pipe fixed into the top of the veflel B, and carried 
a little above the ciftern, where two fmaller pipes, £ and G, 
xre connected with it by a flop-cock. 

E, a fmall pipe leading to F, a veflel or chamber, placed 
in the ciftern R. 

G, another fmall pipe leading to H, a veflel or chamber, 
fomewhat lefs than F, placed in a higher Situation, This’ pipe 
has a turn, a foot above the top of the veflel H. 

I» a pipe leading from the ciftern R to the vefTel F. 

KK, a pipe defeending a foot or more below the veflel F, 
tnd then afeending to the veflel H. 

L, a pipe connected to K, a foot below H, and then car- 
ried to the conduit or ciftern which receives the raifed Water. 

The pipes I, K, L, have each a valve opening upwards. 

The conftrudlion of the cock is reprefented in Fig . 3. The 
conical barrel has four holes, C, E, G, O, and the turning 
P*rt or key, has a notch, or hollow, on each fide in that part 
which moves oppofite thofe boles, fo that the pipes C and E, 
or C and G, may be connected by a quarter of a turn. When 
the communication opens between C and E, the external air 
h*s aocefs to the infide of the pipe G, and to the chamber H 
•hove, through the opening O; and when C is joined to G* 
air is admitted into the chamber F, through the opening 
P> and the pipe E. 

In the narroweft part of the veflel B, a buoy or float is fixed 
*pon the elevated end of a crooked lever, moving upon a ho? 
ricontal axis, fupported by pieces attached to the fide of the 
Inftead, however, of a common hollow buoy, it will 
!» preferable to ufe a bpdy Specifically heavier than water, and 

‘ * ■ ** 
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Deftription of by adding yyejghi to the other end of the lever, to make h 
the machine aj adjuftu^ent, that while bpth are immerfed in water, the body 
raiGng water, within,, the veflel, B, fhall.be a few ounces lighter; and, on 
bjr air condenfei the cppt/^f.}^ w^en if al ppe is above the water, it (hall be fo 
f)phon? V£rlW * much heavier than its counterpoife, which is covered* A fmall 
cylindrical jv^|,2^prudit»;in/diarneLer, and the fame in depth, 
filled wijh water and clofed* will probably be fize fufticient 
forfuch a float and the proper counterpoife may be very rea- 
dily syjd ^afily found, by buying the lever fixed on its axis 
in a veflel of water, repeatedly drawing off and replacing the 
fluid in that part of the veil'd which contains the float ; and 
increafing or diminifliing the weight, until the proper adjufl- 
ment is obtained. But to proceed with our defcription. 

§ reprqfeijts a fmall fyphoo fufpended by a lever, with one 
branch in the intide, and the other on the outlidc of the cifiern 
R, The outfide branch being re-curved in the manner re pre- 
sented in Fig. 5, it is evident, that when the iufirument is 
filled, it will draw water out of the cifiern whenever the ori- 
, fice of the re-curved branch is depreffed below tlie level of 

the water in the cifiern ; and that its operation will be fuf- 
pended by railing the fame a very little above that level. 
From the contrary end of (he lever, a chain or wire defcends, 
and is connedled to the lever which carries the float ; and by 
this connexion, the fyphon is fufpended with the orifice of its 
re-cprv.ed branch above the furikce of the water in the cifiern, 
while the float occupies the highefi part of the veflel B; for 
tjie weight of the fy phon and that of the included column mufi 
be fo nearly countqrpojfed by the chain and an additional 
weight, that it cannot deprefs the float, though it mufi pofiefs 
fufficient weight to defccnd when allowed by the dcfcent of 
Vhs flqat. 

M reprefenls two cuneiform buckets, connedied at their 
bafes by a tranfverfe partition, and fixed upon a horizontal 
axis, as is more clearly exhibited by the fedlion, Fig . 4. 
When the bottoms of thefe are placed in an oblique diredlion, 
making an angle with the horizon of 2 5 or 30 degrees, as re- 
jjrefenterJ i* tbc, drawing, (Fig* 2,\ and a final! flream of 
water falls from the fyphon, Ihe.higfyqr buck el will receive 
the, water, and falling in confeqp^nc^ of it* Ip&d, will r*ife 
the oilier bucket which, will now receive the water, and by 
falling will rgife the . whofe content* were emptied ip i(s 

defcent. 
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defecate • AfnMIjtrfaor lerdr i» tf*ed» I* the fwisnet tbien<a^1)eflnprtsw<j#' T 
psrdtttfc* ami oMupfiM-by * pte*« of frrong wir« ! 

tortotf lever §£td it p*fc the fmaller^end of Aw lodntogtptfft! Vaifinf wftw*“ ■'» 
of the ©ocfc G, ofcri by this mean* tbi <*>ck toothy j 

abemato- etotsdn of the bocfcete M, when fifpplttd w§dt htetetvjy p han. ^ .‘ 

, fffaftkitthe fpeftefrom the top of the vtellef B r Inibe foHhtw; 
of the well is equal to 18 feet, the top of the chbmber Mg> 

AdvW the bottom of F, and the jwrpei^coter height wf'ihe 
pipe L» above titt bottom of the chamber % tmy be eadh ii» 

IteL '< 

The velvet and erety other part of the .appstrates* being In- 
prpper outer for work ; the well befog Ailed with waiter ? amP 
the tefetooir R cettftattfty <bpplied t (Was to Overflow irt mw 
pot fotnewbet tower than the reft of (he bred* whiter life’ 
h^jhe® oiiiee of the pipe A A, is about two fines below tb# 

(Mace of the water,* and takes in its fall (fientfcy ; the mttthttd 
of bnegiag thi^maohmo foto.a&ion, a rtd Its epetfctloit afterw 
wards* may m tindhrfteed by attending to the fi&hdWmg'* tK»* 
tefeioio, and ftatement of partfcelfei* 1 ; • ' l ' 

■ Open the pipe E which leads W tbechafobef F, by turning* * 
theoeck' C, and Water will* dbfbend* irit^Pfrotn tlfe ciRterh 
by the pipe I i When tftfc chamber irfWfc plet'e fhb tvtw 
conceded backets M, in a horizontal pofitionf,’ and 1 the eodb 
C, if properly coftftraded arttf etfortdBed with tfldfe* buekits, 
will col off all ceiftlxriiritcatKtri between the pipe G C and the^ . 
pipes 2 Q*. The air cafrted down the pipe A A, by tbd 
column of water which descends and keep* tHe WeHeonft*nfly• 
dwffbwing; wilf tffcend into, artd‘ gradually expel a quarttily 
df water from the pipe OC, and 1 afterwtfrds Ihat^britemetf 
*« the higher part of the tdffcl ! ff alfb. IHe float rfeeeivin^ 

■ft icceftMHi of weight by Ifeitf g out. of water, wi# dfcfcend 
®d let down the re-eorved ! fyphon S, which Will* poor Water 
■pou the buckets below. At this pefiod cfepreft that bucket' 
which* by defcendnftg opens a eotmniutrrtation bettae^if 4h£ 
pipesC and'E, end rto farther attendance Will be requifife. 

The* protore* of the ooturnn hi the well, above re feet high, 
fcwffthrowir apon the Water in ftfecbathber T, by the inter- 
veation of 4b* condenfed ait* in the pipe C, the valve in the 
pipe I* wj|l> be Qmu and water wHI' atbend from the cHutnber 
F through the pipe K K into H ; the fyphon S' wilF tttfb* 

■fcfhd into its place, and ceafe to draw water from the 

ciiienu t 
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Defcriptfo* of ciflura. An equilibrium being boo efiabKfeed be tw e en tbe 
jtiulffiT"- •*“* co,nmn in lhe Md the re-adling one adudad m 
nifiof water, the pipe K K and the chambers J?, H, by the expolfioo of 
fa^htrau^* ^ mir ^ om walei: will afterwards abend much flower 

fjphoa. iolo H than at firft, an equal depreflion of the fleid being 
produced in the pipe C and the chamber F, by the ooHo&ing 
of the condenfed air* 

In more or lefs tine, according to the capacities of the 
chambers, fojnuch water will be expelled from the lower as 
will fiH the higbeff the air haying been expelled from this left, 
through the pipe G, arhofe outlet iaai O in the cock CEGO, 
Fig . 3. Water will then begin to abend into that part of the 
pipe G which rifes from ihetop of thf, veflel, and the ading 
'column being lengthened in proportion to the mcreafing height 
of that which it countarpoife*, the condenfed air will deprefs 
the water in tha veflel 9 below the float, which debending, 
will lower the re^uryed fypboo, and^water will fall into the 
elevated bucket M, which Toon after wards, io eonfequence of 
Its load will defbend, and by moving the cock above, will 
open a commanication between the pipes C and G> and be* 
tween the infide of the, ch a mb er tF,aod Abp external air, when 
the condenfed air will ruth out, and Ibis vaflplteflU with water 
from the cittern. 

0 The^wrce of th^aftiDg cohtmn beuig now thrown upon the 
contents of t H, tbe value in the pipe K 

will cleff„ and water will abend 4hrougb the pipe L, into 
tltecifiem appropriated fos its reception. 

Attbe firft opening of the couMniinicatiuii between B and 
H, the re-curved fyphon S will poor water into the backet 
left elevated $ bot before the |oudri» WficienUo move the ap- 
paratus, the fypboo, if properly adapted to it* purpofe, will 
r be drawn up again, in coafeqoeqceefUhe condenfed air being 

expelled fatter from the veflel 3, than. it debends by the pipe 
A A : for the water will always rife with the greateft rapidity 
after tbe taming of the cock, becaufe of the difference fab- 
fl fling between ihea&og and re-a&iag columns, and' the air 
previoufly flored up in the veflel B. Tbe fupply of condenfed 
air, however, being inadequate to fopport the diflerence, an 
equilibrium foon takes place, .by tbe water abending into the v 
In weft' part of the pipe C. 

. U* 
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The* ftrppty of condenfed air will now continue to force p e ftnptfoq of 
~>'Vtetei out of the chamber H, and to deprefs the fluid in the 
pipe C, in an equal degree, until all the water in the cham* nufing water, 
ber is expelled. The water will then fink in the higheft part hy dr condenfei 
the pipe K, and the adtingand re-a&ing columns propor- 
tionalljr lengthening, air will colledt in the veflel B; the float 
and re-curved fyphon will defcend; and* before the depreflion 
of water in the pipe K reaches the lower end of the pipe L ; x 
before the condenfed air can efcape by expelling the water 
contained in this pipe, the elevated bucket M will fall in eon- 
fccpsence of water poured into it by the fyphon, and the com- 
munication between C and £ being opened, the condenfed 
mir will raft* out of H g through the open pipe G, whofe out- 
let is at O in the cock C £ G O, Fig, 3 ; the valve in L will 
liipport the water-above it, and the force of the adiing column 
being again thrown upon the water in the chamber F, the 
#uid will begin to afcend into K ; the re-curved fyphon will 
rife and continue itk its place as before, until the water begins 
fo fill that part- of the pipe G which rites from the top of the 
chamber H, or, if there cannot be a fiilfictent quantity ratted 
from the lower chamber to fill the higher, until it begins to be 
depreflfed into that peft Of tile pipe K, connddted with the 
bottom of the chamber F ; the fyphon will then be let down 
by the float, wilt'pour water Info tHe bucket laft elevated, End 
thus again Open the cotrtth unrcation between the air-holder 
BC, and the 1 higher* chamber, from which the water will be 
expelled ; and in this foAnner the alternations will proceed, 
the machine continually ralfitig Water firofl one or oilier of its 
chambers. ”*• *' ' ■ ' 

By additional pipes and chambers, firoflar to GHL, a 
fmaller quantity bf water may be raited flit! higher, the lowed 
additional chamber ‘Befog fixed upon the top of the pipe L, 
and (ho pipe for fupplyirig It with condenfed air, ednhedted 
to the pipe E: A pipe ter fupplymg a diAmber (till higher 
fbdflbe attached to the higheft part of the pipe G) and it is 
evident, that if E leads two chambers and G only to one, 
the machine will regulate its operations 4b as to lofe no time. 

It will be reqtrffte, however, to fill the additional chambers 
with waiter before Ihe* machine it let to work. 

Where the fupply of water is variable, the machine may 
be adapted by having feveral pipes fimilar to A A, but fome 

wider 
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AmkiTBt ram- B+uipa watw* 


Description of 
the machine a* 
conftru&ed for 
raifinf water, 
by air condenfed 
m an inverted 
fyphaau 


r 


wider pni others finaller* and by fetting fuch of thtife to work 
at are seqisifite, for whatever may be the iacrafe or diminish 
tion of power, the turning of the cock will bo duly regu l a te d 
by lire float. 

The water which (applies the pipe I, end afcends in tit 
apparatus, (bould be cleared, by filtration, from impurities 
and fubflanoes that would obftrud the dofure of the valve*. 
The ciflern (hould have a moveable piece at the place where 
the water overflows, to accommodate thefurface of the fluid 
to the ends of the pipes, that the full quantity of air may der 
feend with each column, and that the maximum of efleft mojf 
be obtained from the fupply. 

To determine how well fucb a combination as that I have 
escribed would aofwer the purpofe, I had a model coni 
flru&ed upon the plan exhibited in Plate /. Fig* 2; but 
having no convenience for an overflowing well or ciflern, I 
was obliged to modify fome parts, in a manner tending to 
djminith its power. 

The water from the ciflern R, falls into a capacious teflfek 
from whence, when the machine is at work, a band-pump 
continually raifes it again into a veflel above, which foppUet 
the ciflern R through a pipe nearly bklf an inch in dimeter* 
under aconflant preflure of 3$ inches charge. The fupply 
kegps the ciflern continually overflowing, and the iorfaoe of 
the water is calm and always at the fame height. 

The pipe A A is 8 feet 3 inches in length, and half an iaefi 
in diameter. Its lower end is inferted into the veflel R, which 
is ciofed at bottom, and conflruded of foch a form m to in* 
elude the lever which carries the float. Above that end of 
the letter bearing the counter poi flog weight, a vertical pipe 
6 feet 3 inches, is connected to the top of the veflel; ansi 
through this pipe, which is no wider than A, the water afcends 
and flows to the pimp: A chain, confining of pieces of 
wire four or five indies in length, looped together by the 
ends, alfo pafles through it, mad cenne&s the float-lever to 
that which. moves the re- curved fy phon S. 

The bottoms of the buckets M are both together 14 inches 
long and 6 broad. The bafe partition is 4 inches high. Each 
bucket has an end parallel with the bale, one inch .deep, pro- 
vided with a hole to let out the water when deprefled. The 
cock moves with iefs than a pint of water in the elevated 
bucket. 


The 
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in the vieflel B, m * foatt cylindrical copper Defaiption of 
%*0el*'Osic iocl) iu Wight and two inches in diameter, It confr^aiTfor 
with water mi clofed before it was fixed in its railing water, 
place. Though equal h» bulk only, to one ounce and three znuvmwL^ 
quarter* of water, yet * i» quije fufficient lomove the fyphon fyphoo. 
whjcb would work a larger machine. ■ i . 

The pipe C is half an inch in diameter : E, K, G, L, are 
fmaller. The valves are leather. 

.This machine, when in good order, raifes water nearly 12 
feet above the cittern, at the rate of 20~ pints per hour, and 
performs all its operation* as well as canhe d e fi r ed. When 
fir ft fet to work, the cock is fo placed as to clofe the lop of 
the pipe C, until the condenGsd air begins to collect in the 
veftel B, and then the communication is opened to the chant* 

Ber F. If the communication was open 7 at firtt, the water 
would be expelled from F into the cittern, '-while the preflure 
was infufficient to clofe the valve in the pipe I. 

The chambers E'H being final 1,. the fyphon moves fre- 
quently ; but in a working machine thefe vettels (beuld not 
only be broad and (hallow, but capacious, that the wear of 
machinery may be reduced to its ulmoft extent* 

To determine what ‘quantity of water flows through the 
apparatus, I fixed a (pout upon the top of the afcending water 
pipe; but m doing this I entangled the float in the veflel 
that it could net be* made to work die fyphon. The effluent 
water, in this unemployed ftate of the machine, including 
half a j ^vt dilphaced from tlie veflel B, amounted to 8| pints. 

The fuperfluous water from the cittern R (Matured pints 
alfo. If the machine had been working the watte water would 
have been lef*, as port would have been drawn off by the 
%ph<H». 

From yfeveral trials, this model appears !© raife water above 
the rate that might be officiated by the experiment of March 6, 
pcevioafly related. 

- In aduoi pro dice, I think the allowance for watte and* 
working the bucked, of one third or perhaps only of one 
fourth of the fopplyr will be fufficient (hen foppofing the 
apparatus fo adapted to the foppjy, as 2d or 30 gallons from * 
the cittern will raife one gallon 18 feet; fo 84 or 90 gallon* 
will raife one gallon 44 feet, by th*ee afcending colufens. 

* The 
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Cent Rum- 
ford’* experi- 
ments on the 
max. denfity of 
water coa- 
idered. 


Mr. Daltoo*i 

E r. in this 
oal on the 
fubje&t 


Off THE MAXINVM DENSITY OP WATBE. 

The bucket-engine it Irton-Hall, in Cumberland *, U 
faid to raife one gallon of water 60 feet high by 36 gallons 
fupply; hence, if the wade water be included, it appears 
that our machine will not be competent to perform half as 
much work by the fame fupply, and its peculiar advantages 
mud depend qpon iff durability when constantly employed* 
l W, Sir, 

Your 1 ! tefpcAfully, 

WXJL^IAM CLOSE. 


V. 

Remarks oh Count Rumfor d*i Experiments relating to the 
Maximum Denfity qf Water. In a Letter from Mu Joint 
Dalton. 

To Mr. NICHOLSON; 

SIR, 

In your lafl Number, page 225, is an interefling article on 
the quedion, At what point of temperature water is of greeted 
denfity ? From the introductory paragraph I was led to exped, 
that ad the material objections to the current doCtrine were 
eontidered and obviated, and that new and convincing argu- 
ments in its fopport would be adduced. In the former of 
thefe expectations I was altogether difappointed ; ari though 
*he new experiments are ingenious and well worth attention, 
they are not quite fo demon drative to me as they appear to 
be to Count Rumferd. Perhaps we may both be too ftrongly 
biafled towards preconceived theories: however this may be, 
U feems proper that when new fads are brought forward, we 
ought to reconcile them to the theory efpoufed. 

At page 93 of Vol. X. of this Journal, I have fisted a num- 
ber of fads and experiments which appear to roe irrecon? 
ctleable with the notion of water being denfeft at 4Q». I 
believe it is denfeft at 32°, or the freezing point ; and it if 
my prefent intention to [hew how, on roy hypothetic J ex- 
plain Count R/s refults. 

* See Philoti Journal, Vol. II. p. 69 , 

Water 
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Water expands by heat from fome point (whatever it may Count Rum- 
prove to be) by a law which is nearly that of the fquare explained, 

the temperature from the faid point, as is evident from Sir on Mr. Dalton’t 
Charles Blagden’s table. Coniequently the force of afcent, ^ 

which water acquires by temperature, is at firft very fmall, change of 
but increases to a very confiderable amount before ebullition. ° n ^ b5r car 
The cohefion of the particles of water is a conftant force; its 
there will therefore be a point of equilibrium between thefe 
two forces; that is, a point at which the increafed temperature 
will be but juft fufficient to counterad the tenacity, in which 
cafe no internal motion can enfue. Whether a diminution in 
denfity in water to the amount of one hundredth or one thou - 
Jhndth, or one ten thoufandth or more, is the point alluded to, 
is to be determined only by experiment. I apprehend that This change at 
water of 40° is about one ten thoufandth part lighter than water ^t'to'produw* 
of 32° ; but that this force of afeent is but juft fufficient a current^ 
to counteract the tenacity, and confequcntly no motion takes 
place; in fuch cafe the diffufion of heat through water is the 
fame as through a folid body. Whenever the difference in 
denfity exceeds that juft mentioned, internal motion is the con- 
fequence, and that greater in proportion to the difference of 
denfity, which we know may amount to ^ of the whole. 

Count R.’s experiments therefore will he explained by ob-— and therefore- 
ferving that the thermometer acquired heat by the proper con- pa^^down^ 
during power of water, as if it had been metal, or any other wards as if thro* 
folid body; the temperature acquired was greater in the 2d m 

experiment than in the lft, becaufe the heat of the ball was a tures thVnfwai 
greater; but in the 3d experiment the heat of the ball was a currcnr » whic k 
fuch as to produce a current upwards that almoft precluded defccatT* ^ 
the defeent of heat, by carrying away the heated particles as 
foon as formed. 

The circumfiances of the two thermometers by the fide of Difficulty rc- 
the ball and the cup, in the two firft experiments not acquiring iLroiomcters.* 0 
any temperature, is certainly remarkable* and not eafy to be 
explained, even upon Count R.*s principle; for, the fuppo-" 
fed defeending current of warm water fiiould have filled (he 
cup and overflowed, fo as to affeft the collateral thermometer. 

One rooft important experiment Count R. has omitted, and Important erpe- 
which it is particularly defirable that he, or fome one in pof- L^thVwiicr'bc 
feffion of a fimilar apparatus, would perform, efpecially as it at 40 ° and the 
would jro further than an/ other to eftablifh the doctrine of cur- at * a "* 

rent* 
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rtnfo m wafer, When fie iexkpetkiiifti varteS'ftbrti 52 W 4b ? . 
This is to repeat’ the 1 ft experrmferity ’WTkfr (bd &fleffetf£e fhaP 
the mafi of wife* (hotrldbe* alt the temptefafrire 40®, an 
ball at 32* ; in whith cafe tl^t!teftaoriteteV‘ the cap vrmitdP 
i nof’be af fcdPaffe&ed^Hipon Cetiht K.^s pffmtfjSfe j bat if tW 

lexpbmatioh T have fW empt&Efrheite be trtttmfaW, no material 
diffhrenfce in the? refill ts of thfe l We experiments wouW Be 6b' 
fervedi "• «" :• ! »'*"*■• T 

■ v. *n iatn yee^ • f ' * 

‘ •* ■ * r\ ^ 

* > Aug*£ 17, 480$, ; ri ’ . r *.i » 

- /- ■. ■- .... 1 * 1 ! n'"r< * 
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Either live or 
dead wood may 
he bended. 


On the Aft of bending Wood. , t t £y J., I^. ; Hessen rot A tx** , 

THE operation of bending may be performed either on jiye 
or dead wood, the procelle* differing hovyeyer for, thefe tWO| 
dates. 


,L ^nike fading if Live JVoed. 


Urt wood may Livfc wood has a natural elasticity +, ’Which varies according* 
*• to its fpecies, (i #?, and 1 8ge. The fefger and older the Wood, 

the lefs elafl&city it poffefles. 

This operation is performed on wood when growing, either 
to ftraighten it, to give it a figure fuitable to the ornamentaf 
purpofe for which it is deflgned, or tfo fhape it to the i/fe for 
^-bended for which the timber is intended when cut. Thus trees may bw 
Ship-building* or bended, which are intended for the bdifdtng of (hips, or'fbr 
wheds^&c. making the feHoes of wheels it) one piec^. 

Bv fattening When trees are yet young and pliable, their ftetns afe (aft-* 
down young ened down by ropes, or poles, or (fakes, or frames. In this 

t4tei * fituation they are confined till they will retain when let loofie 

the curvature that has been given them. 

This the mod Of all the modes of bending timber the mod eafy and com- 
ity procefcj modious is* that applied to young growing trees: ror their pH* 


# Tran dated from the Journal des Mines, N> 94, p. 475, Joiy, 
1804. , 

f In many parts of this papor the writer feems to have ufed the, 
word eladicitd for the property of undergoing flexure without break* 
iug. T. 

antnefs 
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Arkneh andelafticity enaMe (hem (o acqtiire any fbrm'fhat may 
ie defrred ; fo that there are few to which the mod whithtiCal 
Agates may not be given, with due care’flnd the requifite pro- 
motions ; but at the fame time we injtifce their natural* confli- but injurious 
lotion, retard tbetr pfogreft, and frequently reduce them to a 10 th * timber « 
Hate of conftraint and difeafe prejudicial* to their growth. 

II. Of tht. bending if Dta&JYood. 

• The bending of wood that is cut down and dead, (hough 
■sore difficult, is yet more in ufe, becaufe we may choofe fuch mod advantage- 
's is bed adapted to the purpofe for whibh it is defigned, and OUf * 
then give it the fuitable curvature. 

' The procefs generally employed is founded on the property The principle U 
caloric podeflbs of augmenting the elafticity of wood by pene- hea^^vhich^in- 
trating it, and diminilhing this elafticity on qaitting it. creates the pli- 

Thirs when we with to bend thin pieces, as the (laves of J^ cneft of t “ B " 
barrels, or the planks of boats, we heat them at the part that 
is to be curved, and bend them gradually as they grow hot. 

But heat applied to one part of the wood, , while the other Partial heat af- 
m in contad with the air, heats it unequally, and increafes the unc^iuUyTanl 
b fa blenefs but partiaHy ; fo that on bending it, fome parts are occafions it to 
Miff and others yield, ocoafioning an unequal curvature, and crack or f P rmwr * 
fometimes cracks or fplinters in the iniide or on the furface of 
the wood. The only method of remedying this inequality is 
to heat the wood equally throughout. 

Furnaces or doves gradually heated are adapted to the pur- Furnaces or 
pofeof affording a uniform heat, and confequently feciKtaiing 
the curvature of the wood; but in ufing them there is reafbn may feowk k. 
to fear, that the caloric, while heating the wood, may expel 
from it the fluids contained in it, char it, and wholly deftroy 
its elaAicity. 

The pliabfenefs of wood is in proportion not to its temper- Humidity at 
ature alone, but to its humidity likewife. The fame wood at ^Ta^^render 
the fame temperature will be more or lefs pliable in proportion wood pliable, 
to the water contained in it ; and at an equal degree of moif- 
ture its elafliCfly will be proportional to its temperature. 

We have an inftance of the double influence of heat and The lingular 
tnoiflure in joining’ two pieces of wood with a tenon and mor- * 
tife, where themortife is only a third of the breadth of thetenoa. 
piece that is driven into it to fbrnftthe joint. Thefe joints, fo 
extraordinary in appearance, lurprife people fo much, that 
3 mod 
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»ft. By boiling 
water* 


Heat and wxf- mod of thofc who ufe them make * myfiery of diem. 1W 
«» r luad timber j pfocef* employed in (his operation has given rife to the method 
at prefent in ufe for bending with eate the larged and (Ufieft 
timber] it coofiftsin penetrating it With humidity, and at the 
fame time imparting to it a uniform temperature, then bending 
it, and leitipg it cool# while it is kept in the form to which s| 
has been brought. 

—In three dif- For heating and moifteniog the timber, three different pro* 
fcrent way* i ©effes have been employed: foil, boiling water? feooodly# 
fleam; the third, wet fand heated. ^ 

aft. By boiling The (love for the firfl procefs coofifls of a large copper 

vater * boiler, heated by three furnaces, ciofed by a movable cover* 

and varying in its cUmenGans according to the floe of the tim- 
ber for which it is intended. Cranes are ufed for railing the 
timber, and putting it in or taking it out of the boiler, which 
is kept full of water. When the timber is in*, the cover is put 

on and beaten down clofe, to dinuntfh the evaporation of tbe 

water ; the three fires make the water boil, the timber is healed 
and penetrated with moifture, and it is then taken oat to be 
bent. 

This dlflblm This procefs, one of tbe firft that was employed, has the 
foamiMnf^ftnd defed of diffolving a part of tbe proper fubftance of the wood 
kflen* the di- in the boiling water ; the timber (brinks in drying, fo as to 

iMnfions of the become narrower and (horter ; its flrength and elafticity are 
confiderably dim ini (bed, and from thefe alterations occafioned 
by il the procefs is diluted. 

ad. By fteam. Figures 2, 3, and 4, PI. II. reprefent the plfrn and ele* 
vations of a (learner. It confifls of a large wooden box* 
formed of flout planks, held firmly together by fquare frames. 
Within are fupports for the limber that is to be expofed to the 
action of the (learn. The dimenfions of the box are regulated 
by the fize and quantity of the wood intended to be (bftened. 

For fmall (learners a boiler is fixed at one extremity of th£ 
wooden box, and the wood is introduced at the other through 
an opening, tbe door of which either Hides in a groove or turns 
on hinges. For large ones the boiler is fixed in the centre, and 
there is an opening for tbe timber at each end. In the fide 
oppofite the boilers are openings a a a for arranging the tim* 
It ftiould be co. bcr on the fupports. It is ufual to leave the wooden boxes ex* 
^condudorof P 0 ® 5 ^ t0 l ^ e externally ^but it would be of advantage to 


This dlflolm 
tome of the com 
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•over the planks with feme fobftance that is a bad condtiftor 
o £ best, to confine the heat that is difengaged from the Hearn 
within. 

Each boiler having acommsnicmtionwtth the interior of the 
kox# by means of a pipe, thefreemis diftributed to each ftage 
by the tubesik 6, Fig. 3. The vapour anting from the boil- 
ing water penetrates the timber with moiflure, heats it, in- 
cteafes its dafticity, and fenders it fit to be bent. 

- Steamers require little care, and little expenfe, bet they This procda it 
cannpt be ufed for timber of any great Ihicknefr, fince they 
cannot impart a emperatnre higher than that of boiling water, but it it not hot 
and Ibis is not fufficient to give large pieces the degree of pli- lafl# 

abknefs neceflary for bending them. ' 

. This lownefs of temperature gave rife to the invention of 3 d * By wet find. 
fi)e fend-ftove, which. b formed of fear Hone or brick walls. atferitaL* 

In the middle are two furnaces, with which feveral circular 
fines communicate, for conveying the heat, the heated air, 
aad the fmoke, to a chimney riffog from each end. On thefe 
flues are plates of cad iron, which form the bottom of the ca- 
vity in which the fend b placed ; the flame and fmoke circu- 
lating in the flues heat thefe plates, and thefe plates heat the 
fend. This ban imitation of thefe fend*baths which have beea " 

long employed in many chemical procefles and m feveral ma- 
nufedories. 

As the fend may be heated to a temperature above that of 
boiling water, it can communicate a greater heat to the tim- 
ber; but were there nothing but fend and timber in the flove, 
all the gafefiable fubftances in the timber might be expelled 
by the heat, and the timber charred. 

To prevent this, one or two boilers filfed with water are steam out he 
placed in the middle of the (love. The water converted into ^ with the 
fleam by boiling penetrates the fend with moiflure; this im- ’ 

parts moiflure to the timber ; and thus the heat that pervades 
fee timber expels from it no more moiflure than is replaced by 
the fend, fo that ail the proper fubftances of the timber are 
preferved. * 

We will not venture to affirm however, that no portion of th« Amber 
the component parts of the wood is evaporated in this opera- 
tion, and that. con fequently it undergoes no alteration; but 
with the precaution of taking ou^the wood to bend it asfoon 
** it b fufficienily heated and penetrated with moiflure, the 
injury is imperceptible. » 

Vol. Xll.—SarTEMBKR, 1805, D Tho 
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The finUoMe is covered throughout it* whole length. Am 
jetard ibe evaporation of ifce jnotfhife contained io i4 and 1 
allow the heat to accumolate fufficieptly to give the wood 4be 
proper temperature. 

Manipulation * The pieces of timber aremtcodoced at the ends, placed m 
for the beau the -middle of die (love in the direction of length an bars 
fixed for the purpose, and coveted with fond. 

When die timber has been heated and penetatod mkh? 
moifiure to the proper degreedor enabling it to affume thade- 
g?ee of curvature required, it is bent to a line de&gnating the* 


The wood may The timber may be be.t in two ways, either horizontally or 
be bended hon- ver t Jca.ll y i the former is ufed for pieces of fisalier dimensions 
jMj^yorner afJ( j gf^atercurvarturc. 

—by — y — In either way the force that produces the curm is -upf»K@3 

ebaaie power; fey<«ear» >of ropes, tackles, or even capftaus. The piece 
nrati be kept in the fhape to which it is brought, aed thus left 
to dry aad grow cold, when it will retain the curvature given 


TO lie t f 

..which may be Frequently When the piece of wood is thin, profoue by 
applied various hand, or by weights, will bead it fuftciently, fo that ii will 
mtJU retain its Qwpe on cooling. But the means of bending it may 

be varied to infarfty* aooordjngto the elafticity of the timber, 
its fize, its temperature, and its humidity. 



vn. 

Experiments made in the great, in a reverberating Furnace on Caff 
Jrm. ov&mittg'the efinhttfM Theory rejpeAing the Difference 
r fotiess* eoff end maUevble Jn<m. Ey G- A..L*mfai>ibs, 
Aflfi <# Pf^herg* 

The leverber*- 1 SflAWr Pfft :defcrib<? ,lbe reverberatory furnace ufed in 
ttryfiounede-^ ft bad tl^ee pripftipal part** I. the air 

fenbed. • tunnel 

* Eytnftsd'by J‘ F. Paubruflou, in the J. des Mines, fromthe 
Sewn lung PraHifcb - ebemifehtr Abbitn.dlu.ngcn ‘ Pi apical Chemical 
Pflfays/ of Lanipadius, Vol. II. p. 145* 

Priie queftion In 1795 , the Royal Society of Bohemia propefed as a prize qoef- 
of Bonemiin tion to fettle the theory of the refining of iron, taking as abafis the 
Society, 179s. i abour , 0 f Vandermonde, Berthollet, and Monge, on the different 

hates 
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tunnel and afti-Tiole ; 2. the fire-place: 3. the hearth and chiro- J* was a, f 

, . 1 r . furnicc having 

ney. Io obtain the proper degree of heat, the air was con- an hearth within 
du6cd through a vertical tunnel feveral ells long (the Saxon oil and its chimney 
i% near two Englifh feet), the lower aperture of which was was 16 fccthl S h • 
river a ftream of water, and confequently it brought rapidly 
fo the fire-place a fupply of frefh and condenfed air. The 
"fbel was wood; the bottom of the furnace was an oval cavity, 
covered with a heavy coating, and capable of containing three 
or four hundred weight of meial. The flame, which t fa verted 
tfie furnace with rapidity, efcaped afterwards through a chim- 
riey eight ells high. The furnace had an opening capable of 
Being clofed at pleafure by an iron door. There was another 
db<W£ the fire-place, a few inches fquare, ferving to admit the 
nozzle of a pair of bellows, or the neck of a retort. 

In the ufe we made of this furnace I had an opportunity of UnoxMed ^parti- 
ribferving very diftinftly, that in the flame of a clofed reverbe- vifiblc in the 
ratory furnace there are always a multitude of unoxided par- flame of this 
fictes of carbon, which impart to it the capabilily of reducing clofcd * urn * wfe# 
(difoxiding) metal. This opinion I had already announbed on 
occafion of a memoir of Mr. Dacamdra. In fome of our 
trials, making ufe of the wood of the Scotch fir, we obferved, 
that the fmoke ifluing out was black and denfe, and this the 
Wore the frefher the wood ; but as foon as we made ufe of the 
bellows, the flame appeared clear, becaufe the oxigen intro- 
duced by the air or vapour oxided the carbon that whs in the 
flame, and thus produced a greater heat, 

Firfi Experiment xdith the fimple Fire qf the Furnace . Exp, T. 

The furnace having been heated for (bmeltour s> and the fire Gr »y hne grain* 
being very violent, about three hundred weight of metal wa# 
laken from the crucible of the high furnace* and poured intd ratory furnace, 
|he reverberating furnace. Thii caft iron, when beebme fohd j 
wit gray, and of a fine grain. At the expiration of dn hoar chiefly cirburcC 
m frothy fcoria appeared on the furface of the ttetdl, which, to 0 * mm ‘ 

ftatet of iron. Mr. Lampadius fliared the prize. Hit memoir may 
be canfidered in general as a confirmation and fupplement to the la- 
bours of the French academicans; the experiments which he made 
at Muckenberg in Saxony, in the iron works of Count Von Ein- 
fiedel, affording him frefh proofs of this theory. Thefe experi- 
ments are here prefented to the reader. D. 

* ‘ " D 2 judga 
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09 CAST IRON. 

judge ftpm appearances, confided chiefly in carburet of iron* 
We attempted to remove it ; but as fome of* the metal adhered 
to it, and came away at the lame time, we defided. Soon 
after, the furnace being dofed, we heard a continual boiling, 
refembling that of a vifeous fubflance in a clofe veflel. On 
The metal was opening the furnace, we perceived that the whole matter in 
brought to ebul- reality boiled, and that bubbles were continual 1 jprifing, which 
Carburated hi- burd on furface with a beautiful bluifh flame. Thefe jets 
drogen gas cvol- of flame had the colour exhibited by carburated hidrogen gas. 

The boiling continued as long as the fire was kept up ; at the 
fame time a pretty large quantity of fcoria was formed, which 
however could not be removed, on account of the vifeous con* 
liftence now acquired by the metal. Befides, as the metal was 
frequently flirred to prefent a frefli furface to the air, the fcp- 
ria mingled with it. At the end of five hours it was no longer 
fluid, and appeared to be refined. It had loll its gray colour 
and finenefs of grain, was white and coarfe grained, and 
jwd kMc mal- (ho wed itfelf more malleable, though it was not capable of be* 
a ing forged. The refiner carried it (obis ordinary furnace, and 

(here it was refined in lefs time, and required lefs labour than 
common cafi iron. 

' As in this trial we were unable to feparate the fcoria, and 
Afinmglron7n no change had been made in the form of the hearth of tfie 
a reverberatory common refinery, which ought perhaps to have been done, 
nothing pofitive can be advanced with refped to the pra&ical 
advantage of refining by (he help of reverberatory furnaces ; 
we were merely convinced of its poflibility, and enabled to 
demonflrate the theory of this procefs, that is to fay, of feeing 
clearly what palled in the operation. The cad iron was hero 
converted into malleable by means of the oxigen that was in 
(belittle atmofpberic air, which, jointly with azote and car* 
bonic acid gas, covered the metal in fufion. This oxigen 
combined with the carburet of iron, and then carbonic acid 
gas andokide of iron were formed ; this produced the bubbles 
of air and, the fcoria. The lightnefs of the frothy fcoria, which 
arofe to the furface at the beginning, was the reafon of their 
fepiaration from the red of the mafs ; but as foon as the air be- 
gan to ad they were dedroyed. . 


bl fyc hoars it 
became white 
andf coarfe 
grained 

i if. 


This was after- 
wards refined 
fooner than com 
mon caft iron. 

The procefs of 


(hews that car- 
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Second Experiment ; the Fbre of the Furnace being affifted by the Exp, II. 

Vapour of Water. 

I had attempted to decompofe carburet of iron in fmall quan- The carburet of 
tilies by the help of water in the (late of vapour. By heating 
the carburet red hot, the water was decompofedi and I ob v a pour. 
tained carbonic acid gas, hidrogen gas, and oxide of iron. As 
the chief difference between caft and malleable iron confifts in Application of 
a certain quantity of carburet of iron contained in the former, ** 

and which muff be feparated to render the iron malleable, I 
was deffrous of trying the efTelt of water in vapour on caff 
iron in a reverberatory furnace, principally in order to know 
how far the refining of iron might be carried on in this way. 

About three hundred weight of caft iron of the fame quali- 
ty as before, and juft taken from the high furnace, were put 
into the reverberatory furnace as in the preceding experiment ; 
we then took a large tubulated iron retort, put into it nine or Steam was. la- 
ten quarts of water, fitted a gun barrel to its neck, and intro- troduccd # 
dpced the end of the gun-barrel into the little opening in the 
furnace. The water in the retort was made to boil, fo that 
the (team diffufed itfelf with the flame over the melted metal. 

At the expiration of half an hour all the marks of refining that 
h^d been obferved before were perceptible ; the ebullition was *>y which- * 
confiderable, and the flame that iflued from the chimney more pr^Sed^uick- 
bfight. Tyvo boqrs after the commencement of the procefsly, 
freth water was put into the retort. In about three hours the 
metal began tq thicken, and at the end of four hours it exhi- a 

bited the marks of refjned iron, and vye imagined the opera- 
tion to be gnifhed. We found the grftin of this iron finer, |>ut the iron 
however, than that of the iron operated upon in the preceding 
experiment, and the mafs was full of little blebs. 

We gave it to the refiner, yvho treated it like the former ; and was left 
but to our great aftonifhment we found that it wrought worfe£?£*^J 
iq the refipery fire than caft iron the moft difficult to refine. Itfore* 
required much more labour, and an hour's time longer. # 

Having affayed a fpecimen in the ftate in which it came out There was more 
of the reverberatory furnace, I found it to contain a much lar- other * 
gpr quantity of oxigen. Experience had already taught pie, kinds of caft 
that half a pound of gr^ycaft iron, treated in a retort with*? 00 ’ 
four ounces of charcoal from which all carbonic acid gas had » 

been 
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been expelled, gave 32 * cubic inches of carbonic acid gxa« 
An eq^al^auliiy.Qf ^ jfqn^fl^led L6$ cubic iwAm 
of the fame air. Four qtyQQfs.qf. tfi call irqn juft taken from 
the reverberatory fqrnace, mixed with two ounces of cl^irqopl, 
yielded 96 inches, or 1,92 in^he$ to half a pound. 

Hence we njay infer, that the proportion? of oxigen coo?, 
tained in tfyefe different kinds of call* iron aye. 

In iron fuper.refined by the vapour of water - 192 

Commop white caft iron - - - 165 

Gray cyft iron - • - - - 96 

This taper- To the iron produced in the. experiment juft mentioned, I 
$‘ vc c pMet fuper-refined f, becaufe I conceive it to have 
from the de> boon formed as follows : — -The water in vapour was deoom* 
compofed water p 0 f e( j an( j deAroved the carburet, asaUnofpheric air does in 
its carburet. the ordinary refining ; but at the lame time this water imparted 
to the iron fo large a quantity of oxigen, that in the refinery 
it was neceftary, not only to feparale thq Teona,, but to difoxide 
the metal like wife. Thjs experiment farther confirms the pro* 
perty iron poffeffes of becoming oxiejed in different degrees. 

If this experiment afforded nothing practical ly beneficial, it 
has at lead thrown Tome new light on the properties of cafy 
iron. 

Evp. m. Third Experiment ; the Fire of the Furnace being ajffted by the 

A ft ion of Bellows. 

Bellows applied The fame furnace was ufed, and the place of the retort in 

kereto^furnace P rcce d‘ n gj experiment was fupplied by a pair of double 
* bellows mounted wilh leather, 5 feet ^4f. 8 in.) long, 3 (2f. 
10 in.) broad, and 4 (3. f. 9 in.) high at the pofterior extremity 
when open. It was fo placed, that the ftream of air was pa- 
rallel to the flame and to the middle of the furnace, and worked 
at the rate of eight or ten ftrokes in a minute. We were de- 
ft rous of feeing how far the air thus aflifted would carry the 
refining ; the furnace being managed and filled as before. 

The heat wu ^ the cnc ^ half an hour heat was perceived to be 

much greater. much greater than in the fir ft and fecond experiments. The 
phenomena of the refining already mentioned appeared in fuc- 

* Probably this is an error of the prefs in the original : at it does 
not agree with the proportion aftigned in the next paragraph, one 
of the two mod be wrong. 

' -f Or furcharged with oxigen, 

ceffion; 
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eefSon ; but indead of the frothy fcoria obtained in the firfl The fcoria 
eflky, a very fluid flratum «»t formed, which diffufed ilfelf meltcd ’ 
over the melted metal, and prevented its refining. This fco~ It was blackith 
ria* when grown folid, was of a blackith brown colour and 
vitreous fradure. We endeavoured more than once to re- and not to be 
■aovwit; but the (brartum was fo thin as to render it irfc{frft&U remoYed * 
cable: As foots as one ftraium was removed; another formed; Stirring pro* 
Ajt'thmexpiratkxr of four bourse the metal being ftil)> very-fluid; 
wmbegpn to for it , in order to bring its different parts fuccef- dilating eom- 
Ihrely into contadiwitbi the air ; this produced an extraordinary huftion. 
beat' in’ the* furnace, combufoon, and fcintlllation, refembKng 
that* which tabes placer when iron wire is burnt inoxigen gas* 

This? oxidation? always produced! frefh fcoria : as fobn* as we 
defiftfed from forring, every thing became quiet, and the ftm* 
turn: of fcoria prevented the oxidation. At length, after three 
boorsrloager, makiirg feven in* all, during which the melied 
mmfs had* frequently been ftirred, it Teemed to thicken ; per- 
ceiving too, that it diminiflied confiderably in quantity, the 
fir^ was damped, and the matter left to cool in the furnace; It ^ c n J^ c ^ ad 
was afterward weighed, and found to have loft much of its weight, 
weight. Its extraordinary fra&ure gave reafoirto prefome a Itsfrafrurecom- 
high degree of oxidation ; for inftead of being' gray and gran paft and filver y # 
nelous, it was com pa A; and of a til ver white. It was inter- Porous, 
fperfed with a large quantity- of' fpheriaal cavities, greater or 
lefs in fize, which evidently announced the exiftenoe of an ae- 
riform fluid, that 1 had been extricated during the foifion. 

This mafs was too fmall to be refined. Having examined There was much 
the quantity oF oxigen it contained in the fame manner at with ^Vinder ac- 
the other fpeciniens, [ found that four ounces yielded 87 cubic quired mach-ox* 
inches of oxigen gas, and consequently nine inches lefs than l * tn * 
that which had been treated by means of aqueous vapour* 

Thus probably- here too the oxidation was too powerful, and 
the iron was fu per- refined. As the metal did not become without patting 
doughy in the courfe of the procefs, it muft have been ^ u P erk 
faturated with oxigen without palling through the fiate of mal- 
leable iron. The carburet, it is true, muft have been totally The carburet 
deftroyed during tire operation, which produced the filvery deftr °y ed - 
hue* 
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BURSTING OF two MVSftUBT BARBEL*. 


VUL 


Remarks an the burfting qf two Mufauet Barrels by a Charge qf 
Gun-powder confined by Sand. W. N. 

A thin mofquet PaHT of the barrel of a mufquet of which the internaldt- 
barrel hurt*. ameter was fix and a half teathf of an inch* was corked at 
one end, and fine fand to the depth of twelve inches waa 
poured in: npon> this was poured two inches of gunpowder 
and a fnall tube (of glalq) was then ftuck inlhe gunpowder, 
and the bore of (he tube# which wasabout one twentieth of 
an inch diameter 9 was filled alfo with gunpowder# The length 
of the tube w^s (efficient to reach clearly above the top of the 
gun-barrel, and all the reft of the (pace in the barrel, being 
about thirteen inches above the charge, was filled with fand 
lightly poured in* In this fiate the barret was fet up in one 
corner of a furnace chimney, and a match fiuck into the glafa 
tube and lighted, afforded (efficient time for the affiffants to re- 
move out of the diredt line of explofion before the effedt could 
take place. 

The difcharge tore the barrel into feveral contorted pieces 
in the part near the charge ; the upper part fell unaltered, and 
its contents of fand ran out : the lower part alfo fell down, 
but neither its fand nor cork were difturbed, nor was that por- 
tion of the barrel affedled. 

As the thicknefs of the iron did not exceed one thirtieth of 
an inch, I was defirous of repeating the experiment with a 
fironger piece. 

A thicker bar- A mufquet barrel, 2f feet long, diameter of bore five tenths 
rel charged with 0 f an inch, and thicknefs of metal at the breach full one quar* 

annoAuin^r inn # * 

ter of an inch, was charged with 278 grains, or a little more 
than half an ounce troy of gunpowder, which occupied the 
fpace of four inches. Upon this charge was poured fine fand 
to the depth of twelve inches, weighing 1151 grains, or about 
2|> ounces troy, and upon this was lightly prefled down a foft 
wadding of gauze paper, for the purpofe of allowing the bar- 
rel to be placed horizontally without any fubfequent difiurbance 
of its charge. It was fafely placed in an horizontal pofition 
and fired at the touch hole by means of a train. 

The barrel was tom afunder for the length of eight inches, 
the part nearefi the breach-pin being opened nearly to flatnefs. 

The 


gunpowder and 
land* 


E St6t of the 
explofion# 
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The (and remained in the barrel. Its face neared the blaft was 
confolidaied to a very fma)l depth, and I think the mafs bad 
been removed or elfe jammed more cioMy together ; for the 
fpace unoccupied between the place where .the breach pin bad 
been and the furface of the fand was fall nine inches. But m 
the fand was not immediately noticed, I cannot be fure that 
none might have been driven or fallen out, duripg or after the 
bled ; though I am difpofed to thiplf not. 

It mud bo remarked, that the powder was a very foil charge, R$marktt 
apd that the fand weighed as much as fix mufret-balls of half 
an inch diameter. I do not however apprehend that the barrel 
Would have burft with fix balls. 

The blading of rocks, the fplitting of logs of wood, and tHei, 
the deftrii&ion of artillery when on the point of being aban* 
doned to the pnemy, are the leading ptjrpofes in which the ap- 
plication of fand to confine gunpowder is likely to become 
ufeful. 


IX. 

Report of a Method of meajkring the initial Velocity qf Pro- 
jc&ilcs dijbharged from Firc-qrms, both horizontally and u nth 
different Elevation*, made to the Physical and Mathematical 
Ciafi qf the National Infiitute by Mr. Phony, Dec. ] 1, 1803. 

Abridged from the Original*. 

It is not much above fixty years fince experiment began to Robin* firtt en* 
be applied with fuccefs to the theory of projedilea. Mr. project 
Benj. Robins, who may be efteeraed the fteft in this career, tiles by the pm* 
employed a pendulum to determine the initial velocity ot du,ufn » 
muiket balls, meafuring it by the arc of ofcillalion. He like- and the recoil of 
wife roeafured the recoil, by fu (pending the gun-barrel from pending^*" 
the pendalum. 

About ten years after, the Chev. d’Arcy publifhed a feries D’Arcy made 
of experiments in the memoirs of the French Academy ot 
Sciences, in which be employed two pendulums, again ft one pendulums, 
of which the ball was proje&ed, while the other, to which the 
gun-barrel was fufpended, ferved to meafure the recoil. 

• Journal dts Mines, No. 92, p. 117, May, 1804. 
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Or. Hutton with Fifteen year* after tbit Dr. Hutton madfe many experiments 
nonon balls. at , Woelwicb with cannon balTs by means of ihe pendulum. 
Count *um- Aboufctfm year 1778, Count Ram ford improved (Hit me. 
ford's improve- ^ptrial, and invented at veiyrfimrpte method 1 of fufpendbig« 
tbe gun-barrel fo that the recoil' took place without the axis 
eeafing to be horizontal, 

Haftlyi Dr. Hutton refumed theftbjecF, and made a num ber* 
of experiments from ITSJto 1785; with much care, and at* 
great expenfe, on both kinds of’pendofUm. Tbefemaybe 
oonfidbred as forming the mod 1 complete and‘infthi6nre treatife* 
we have on experimental balltfttcs. 

We have not mentioned the labours of* Antoni, bat we mufF 


Dr. Hutton’s 
exp. *re the 
snoft complete 
on the fbbjeft# 


Antoni’s de- 

not I* 3 ** over a machine- deferibed* by him in his eflhy on gun- 
powder. This, which he fays was invented by a mechanic 
named Math ey, con fills of a horizontal circle, the centre oP 
which is fiipported by the fuperior extremity of* a vertical axis, 
and ferves as a bafe to a cylindrical envelope of paper: At: 
rptatory motion is given to this cylinder by means of a cord 
palling over a leading pulley ; and the proje&ile being dif. 
charged horizontally, when theangular velocity of the machine 
is uniform, in a vertical plane in which the axis is found, pierces 
the cylinder in two points, the dlftance of the fecond of whieff 
from the diameter palling through the ftf(V roeafures the 
arc deferibed by the machine during the palftge of the pro. 
jefltle. 

The machine recently invented’ by CtiK Gtobert is con- 
ftrudted as follows : 

A horizontal rotatory axis about 34- dec. (1 1 feel) long carries. 
It cunfifls of two at each extremity a pafleboard difk perpendicular to it, and 
Jr^Wingt^Uy * a ^ ene ^ 10 ‘ l l ^ at w hole may turn rapidly without de- 
9 t the extremi- ranging the refpe&ive politicos of the parts. 

an hori- a rotatory motion is given to the two dilks by means of a 
weight fiifpended to the end of a cord, which, after having 
palTed over a pulley ten or twelve yards from the ground, is 
rolled upon a wheel and axle level with the difks. An end- 
• lefs chain, pafling round the wheel and the rotatory axis of the 

dilks, communicates to this axis the motion which the weight 
in its defeent imparts to the wheel. 

The advantages this machine polTelfes over Malhey’s confift* 
in the horizontal pofuion of its axis, which admits the utmoll 
degree of fimmefs and regularity in the poution and motion of 

the 
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ip foe projeQile not tcave *fing a cylindrical furfilfce, Th* proje&ile ir 
tw> vertical places, the extent and diftapce of which may LdJ dWulf «d 
be Qouffdomble, and thus give very accurate meafuxes : and the rotation pw- 
*$$ being capable* which no other apparatus is. of meafuring 
the velocities q£ halls, of diderent fizes projected at differeoi.^ppofite that ©a 
qievabons, , tolri*** piAc " 

AM that is twceSkry in ufiog this apparatus is to give a uni- Method of ufing 
form ^®d Known angular velocity to the ditfcs ; and, to meafure tfec inftrumcm. 
the 31& compiled between two planes puffing through the axis, 
of tbe difk, undone of them through the hole in one dilk, the- 
other through the hole in its opppfite. 

In the trials made, the mption became fenfibly uniform* The deTcent of 
whon the weight arrived nearly in the mjddle of, the vertical weight^ouncs 
fpace it had to traverfe, as was found, by (wipe meafuring the uniform, 
times of the third and fourth quarters of the defeent* apd after* 
wards comparing tbefe times with the correfpoodipg fpaett 
pgffod through. d n , excellent flop- watch bybewis Berthoud, 
and another by Breguet, were ufed for this purpofg. 

In moil, of this experiments the vertical fpace pafled through ThafpscaaC 
H the, weight; was meafpred by the turns and. parts of turns mea f ure d by 
of the cord wound off in, a given number of feconds, as in turns of the 
ail refpe$s moft accurate and commodious. mfim 

. To.ipeafiire foe arc a fereen, or padeboard, was fixed before Wethodrf met* 
epeb difk, a very little diftance from it, and the hole in the hole 
firfi difle being brought oppofile to the hole in its correfponding and hole* 
fqreep, a rod carried* through the centre of thefe two holes and, 
of the hole in the other fereen which would be oppofite them* 
mud pierce the fecond difk in the plane of the hole in the fuft ; 
and the arc comprifed between this point and the centre of the 
hole in the farther difk would meafure the angle deferibed by 
the apparatus while the ball was traverdng the length of 
the axis. 

It is obvious, that the fixed foremens, which give the abfolute Two fixed 
djrp&ion of the path of the ball, afford the means of (hewing [o^c^any 1 ^ 
tbe defeft of parallelidn, if there beany, between this path and ft€t of paral- 
the axis on which the difks revolve, SepaAofS® 

The gun-barrel was fixed horizontally, parallel to the axis ball aud the 
of the difks, and at fuch a didance, that the concudion of the ***•• 
air by the explofion could not affect the motion of the neared 
difk. 

3 One 
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The time fup- 
pofed too ihort 
to allow a mea- 
Curable aif. 


Put it did not 
prove io» 


The fire-arms 
experimented 
with. 


Formula for cal- 
culating the ve. 
Jociiy. 


Mean velocity 
with a carbine* 
1269 f. per fee. 
with a mu/ket, 
>397* 


VELOCITY OP rtfojECTIlES/ 

One thing may naturally fuggeft itfelf, which Is, that the‘ 
time of the ball’s pa fling from one diflt to the other, through a 
fpace of three or four yards, mtfftbfe lefs than of a fecond 5 
and it is difficult to conceive, that hi fo Ihort a fpace the difk 
could deferibe an arc capable of being iheafured. 

But this difficulty is eatily folved by the faft. When the' 
motion became uniform, the wheel and axle commonly made 
0*833 of a turn in a fecond • and every turn of the wheel pro- 
duced 7*8? 5 turns of the axis of the dffk^, which confequently 
made 6*56 turns in a fecond. Thus a point on the ditk three ‘ 
feet from the axis would move about 41 yards in a fecond, ’ 
and in of a fecond of a yard, or nearly 1 $ inches, a 

length more than fuffidieni for themoft accurate meafureraent. 

The experiments were made with a foldifcHs firelock and a 
horferaan's carbine, the lengths of which in the bore were 
3 f. 8 in. and 2 f. 5 in. The balls were accurately weighed, 
found to be on a medium 382 grains troy, and each was im- • 
pelled by half its weight of powder. 

The following formula was employed for calculating the 
velocity of the balls. Putting ▼for the femiperipheTy, when ra- * 
dius is unity = 3.141; it for the ratio between the turns made ' 
by the wheel and axle and the arbor of the ditks ; i the time * 
employed by the wheel and axle to make a number of turns 
n; r the difiance of the hole in the fecond ditk from the centre; * 
a the arc deferibed by this hole while the ball pafTes from one 
ditk to the other; b the difiance between the drfks; and V thf 1 
velocity of the ball : we (hall have the equation • 

* 2*n r 

V = -pt*. — -b. 

k t a 

The mean velocity deduced from ten experiments with the 
carbine was 1 269 feet and a half in a fecond ; that from the ex- 
periments with the mutket, 1397 feet. Thefe being in the' 
ratio of 11 to 10 nearly, it would appear, that the length of 
the foldiers’s firelock might be reduced without much diminith- * 
ing its range*: but there are other circumfiances in a military 
view, by which the length of the weapon ufed by the infantry ' 
requires to be regulated. 


• The differences of the range are much lefs than tbofc of the 
velocity. See Dr. Hutton . — T. 

Tb« 
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Tbe coigns (Boners made Tome experiments with half charges W3th { of po*r- 
or w ith powder only to the quantity of one fourth of the weight 
of the hall. In thefe the mean velocities were, for the fire- . . 

lock 829 feet, for the carbine 822|. Thefe velocities do 
not differ fo much from each other, and condderably exceed 
the . half of thofe given by the full charge, which may be 
afcribed chiefly perhaps to the mote complete firing of the 
powder. 

- The commiffioners were defirous Bkewife of making fome The refinance 

experiments on the refi fiance of the air to the motion of the yards^iminithed 

ball, the diameter of which was from 15 to 16 miilemetres the velocity 

(5*8755 lines to 6*2672.) For this purpofe the mouth of 

gun-barrel, which at firfi was 7 f. 9 in. from the nearefi fixed 

fcreen, was removed, to the difiance of 67 f. 9 in. In this 

fitaation the mean velocity of the mufket-ball was 1127 f. in- 

Head of 1397, fp that it was diminithed nearly in the ratio of 

42 to 34. The experiments, of this kind however were few 

in number. 

There is np doubt but the dimenfions of Col. Grobert** ap- The apparatus 
paratus may he enlarged, fo as to adapt it to experiments with ^ e h d l 
cannon balls 5 : though it is not eafy to fay without trial what vantage, 
dimenfions would be compatible with accuracy of experi- 
ment. 

The Colonel likewife propofes an alteration in it, for mea- Mode of adapt- 
fhring the velocity of projediles at different elevations, as far cijvati^u" 
as 45°. The following is his contrivance for this purpofe. 

Each of the diflcs has a feparate axis. The wheel and axle 
has a wheel at each end, with an endlefs chain, one turning, 
the arbor of one difk, the other that of the other. Thus the 
rotatory motion imparted by the defcending weight is com- 
municated equally to both difks at the fame time, the wheels 
and arbors being made exadly of correfponding dimenfions. 

The Hand of the difk fartbefi from the gun is moveable in a 
vertical, diredion, fo that it maybe raifed to the neceffary 
elevation ; a few links being added to the endlefs chain for 
every different height. As the difk is raifed indeed, it be* 
comes inclined to the path of the ball ; but as the greatefi 
diminution that can take place in this way is in the ratio of 
about 7 to 5, a fufficient field is fiill left for pointing with 
precifion. 

To 

! / 
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A*Hrionat tm- 
chiaety for 
couaaog time, 
Ik. 


The motion of 
» the difles does 
not aff ft the 
path of the ball 


Experimental 

proof* 


This owing to 
the velocity. 


VTCOCtTY OF FftOIffCTCXESt 

To prkVeM a hy miftake from want of attention in the per Iona 
employ ed, Col. Grobert has added certain pieces of machaotfoi 
to his apparatus, by means of which die weight, when it baa 
defeended to a certain point, puts in motion a fecohd pendu- 
lum to count the limfe, and a fyftem of wheels and pinions 
connected with the wheel and axle to indicate the hum be r of 
turns made by it. By fimilax contrivances it difcharges the gun* 
and (tops the pendulum and the counter of the turns at th* 
proper time. Thefe may occafiohally be of life, but compli- 
cated machinery is always liable to get out of order, and it 
may be difpenfed with here, if the obfervers be ever fo little 
expert and attentive. 

It might be fufpe&ed, that the motion of the fird diCk Would 
caufe fome deflection of the ball from its true path before it 
, reached the fecond. To afeertain this, three fcreens were fixed 
at equal didances, the fecond and third being platted before the 
fird and fecond difks.relpcClively. Now it is obvious, that tbO 
hole in the third fereen would not be in the fame vertical plane 
with thofe made in the drft and fecond, if hny deviation look 
place. 

A bad being fired through the apparatus thus arranged, a 
plumb line was fufpended before the centre of the hole in the 
fird fereen, and the mod accurate obfervation could not difc 
cov^r any deviation, bulk that the fame line ctit the centres of 
all the three holes* This experiment was fevend timer re* 
pealed with the fame event. 

The fa£l no doubt is, that Use extreme fhottadfs of the time, 
(for the femidiameter of the ball is not the forty thoufandth part 
of a fecond pading the difk) does not allow the di(k fenfibly to 
affeCt the path of the ball ; much lefs can the ball hav» any 
efTedt on the motion of the difk. 

It may not be amifs to obferve, that the didancte of the far* 
theft fereen being about twelve yards only, the inflexions ob- 
fer ved by Robins in diftances of a hundred yards were not likely 
to take place. 
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X 

fad concerning the imifibte EmiJJion of Steam into the Air* 

W. N. 

Soon after Mr. Giddy had mentioned to me the very re- Steam wn w- 
mricsbie and carious fadt* of which an account is given at a cowtatT** ^ 
page 1 of the prefen t Number, I was engaged in the experi- 
meats on (he fimmering of water related at p. 216 of Vol. X# * 

1 then made an Experiment which may perhaps in a fmall degree 
elucidate thofe phenomena. A fmall glafs tube was ftuck 
through a cork, and dm was then preflfed into the neck of the 
retort in which whter was boiling over the bmp. The (team was 
emitted through this fraaller aperture in a vifible jet of upwards 
of a foot in length. But when a candle was held with its It became m- 
iame immediately beneath the end of the tube, the jet became ^ 

perfe&ly invitible. To determine whether the water might flame of a 
be decompoied, or the (team (imply expanded fo far as to be 6 * 011 * 6 * 
abforbed by the air, or if condenfed to form a vapour too thm 
to be perceived, I fullered the hot invitible current which had 
patTed through the candle, to pafs through a larger glafs tube. In but the fteam 
this cafe vifibl* fteam ifTued plentifully from the farther end : dca>m * 

Hence, I dm drfpofed to judge that the large tube having kept 
the very hot fteam together and cooled it fo as to render it 
vifible again, there was Utile if any decom petition of the 
water. But at the fame time, when we confider the difap^ Perhaps foms 
pearance of thedenfe fra ok e in Mr. Giddy's experiment, there P^msyhwre 
feems to be great reafon to think that the charcoal was oxu * 

genated and gazified. If fo, the products mud have been ex- 
panded and invifible fteam, hidrogen and carbonic acid. By 
colleding the produ&s in an experiment of this kind, tbefe 
conjectures will either be verified or refuted. If the former, 
we (hall have the decompofition of water and oxigenation of 
carbon at a lower temperature than has hitherto been fhewn or 
expected. 


i - Experiments 


Digitized by Google 



*8 


. .WATER. BLOWING MACUKI. 


XL 


machine. 


Experiments made with the Water blowing Machines of the Iron 
Works of Poullaoucn; by Citizens Bbaunikr and Gallois 9 
Mine- Engineers # . 

TkCe3 lS2ir objed was to aicertain thfe difference* in denfity of 

ihcwthc effedi the air within a blowing machine, under the various circum- 
of a blowing Qsnces bj which it might be affeded; and at the fame time, 
we endeavoured to find what may be the rood advantageous 
mode of conftruding the machine, to produce the greateft 
. effed with the lead expenditure of water. 

Former accounts . One of the chief Caufes of the doubts that have arifen re- 
meobfcuie. fpe&ing the fuppreffion or retaining of certain arrangements 
in the conftru&ion, was the omitting to deferibe the machines, 
the experiments with which have been compared. We (h*U 
t therefore previouffy notice the principal difljndions that may 

be made between thefe machines, from the fanner in whicb 
their effed is produced* 

Two kinds of Dr. Lewis obferves, that there are two general methods of 
water blowing cauflng the air to be conveyed by the water in the blowing 
Sr g *isrecel«e? C machines. In the firft, the water receives the air by the 
at top, of from fummit of the machine; in the fecond it receive* it by lateral 
apertures: and he lays it down as a principle, that tliofe 
circum dances, which promote the efied in the one cafe, are 
detrimental to it in the other. 

General ob* He °bfe rve d further, that if the water be at red in the 

fcVvations of funnel of the machine, (fee Plate III. Fig. 2.) and afterward 

Dr. Lewis. h aV e run 0 ff ft carries little or no air with it ; that 

i ne engine is J 

an upright pipe if the water have a gyratory motion in the funnel, it carries 
th flio g cr > of 1Cl1 ^ own a coedderable quantity; and that if it fall from acer- 
water and air tain height, fo as to have been greatly divided, it carries dill 
defended. more: that if the water flow through a pipe with lateral 
apertures, it receives air through thefe apertures, even when 
its motion is flow : that if the pipe be of equal .diameter 
throughout, the quantity of air thus received is inconiiderable ; 
Lateral apertures but if the diameter be diminilhed to a certain degree at the 

preferable for par t w h ere the apertures are made, the Quantity of air is 
admitting the r . . . . . , / r _ 

air. greater than could have been introduced through the funnel 


the fide. 


* T/anflated from the Journal det Mines, Vo. 91. 
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without any lateral openings to the air: laftly he obferves; 
that air conveyed downward from the top of the tube, or the 
funnel, prevents the introdu&ion of the frefli air by the lateral 
apertures, which in this cafe, inftead of receiving more air, 
let that Which has been already introduced efcape. 

Lewis concludes, that the two methods by which air may 
be made to defcend with a itream of water, ought not to 
be united in one machine ; and that the machine conftrudtai 
with a pipe, a funnel, and aperture* to let the air enter 
Ground or below the throat, produces the taoft powerful 
effect. . i 


- The machine on which we made our experiments was of 
the conftrO&ron which Dr. Lewis has deemed mod advantage- 
ous. See Fig 2. 

The height of the (all, taken from the bottom of the channel' 
that conveys the water to the upper part of the barrel B, is 
21 feet 6 inches. 

The height of the funnel, from the bottom of the fame 
channel to the throat x , is {even fret. This funnel is of the 
Ibape of a fruftum of an inverted cone, the larger diameter 
of which is 1 2 inches, the fmaller four. The remainder of 
the tube down to the barrel, is a cylinder eight inches in 
diameterv. 

The plank N, 12 or 13 inches wide, is fixed one foot 
below the head of the barrel. The barrel it fix fret high. •. 

The water ifiues out of tl^e barrel by the triangular apertures 
1 1 1, and is conveyed away to a drain by the channel M, the 
bottom of which is four feet higher than that of the. barrel. 

The air compretfed by the external water, the level of 
which, as will fooi} be proved, is from 27 to 30 inches above 
that of the water in the barrel, efcapes through the tube P, 
which is a hollow cylinder five inches in diameter. 

This tube P, called alfo the air-pipe, terminates in a conical 
nozzle, having an aperture of two inches only. 

Immediately below the throat x, are four air*holesy y. 

This being premifed, we proceed to the inftrument em- 
ployed by us for determining the denfity of the air in the 
machines. 


The machine of 
Foullaouen de- 
scribed. 

Height of the 
fall. 


Funnel at 
of the p.pe. 


Birrel or air 
Vi flel. 

The wit r flow 
oft* bene.tii j 


and the air it 
conveyed 
through a pipt 
at top. 

Air holes rn tkt 
upright pipe. 1 


It was invented by Citizen Vergnies Bouifch<£re, -pro-Ga&efor 
prietor of the iron works at Vic-DdTos, in the ci-devant derfity of ihi 
Vot. XII.— September, 1805. £ county air. 
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<pou*ty of Foix, and is a particular kind of barometer, ti* 
wfaiqh .the name of water anemometer has been given. Son 

Fig. , 

Itist&ortban It is ©ompofed, ft. of a . eyVmflet A ; 2d. of a tube 

W twice, tbe lower extremity of vhick is fligbUy conical, 
fluid being «d terminates about two inches bekatr Jte- bottom of the 
water * cylinder; 3d. of a graduated tub© d infeited »» at vertical 

pobtioa iniO;the cylinder, gad. reaching below the level,* 
pf the water contained in it v . . . 

The tube c being bfierted into an anger hpte P>*te » «* 
fide of the blowing machine, and flopping that Me cfcfely* 

, , the internal compreffed air eommuaicates with the water con- 

tained in the anemometer, prefles upon it, and in proporlMMj 
to its denfity raifes to a lets or greater height in the graduate* 
tube. 

. . Th e cylinder A and the tube c ace of (in. The lower part 

of the tube d to the height of nine inches is of the fama mfc* 

■ terial, to which « fitted a glafs tube about 36 inches long. 

Tbecylinder A is four inches high and as many in diameter. 

The greateft diameter of the curved tube ish*lf an inch. lb« 
Emailed, at the extremity, a third of an inch. Ou obferving 
however, that the fixe of this opening contributed to increal* 
the extent of the ofcillations in the graduated tube, ween-, 
deavoared to diminifh it as much as poflible. For ibis parpofe 
we doled She lower part of the tube c with fealing wax, in, 
which we afterward made a very (mall apertuBe by paffing a 

heated need*, through it. - . . ‘ 

The tube d was divided by a fcale of inches, beginning 
from the fur face of the water contained in the cylinder *. 


• ACCOUNT or Itffc WPESWIENTS. 

Experiments I, Experiments relative to the Expenditure qf Water, and tki 
Igitbthe blowing Quantity of Air dijbtgaged. 

’ The blowing machine No. 1, fee the horizontal projeflidn. 
Fig. I. to which for the fake of clearntfs we (hall refer Our 
different experiments, ferved for the trial. It vfas placed in 
a T, oppofite the machine No. 2, deitined for the fame ptir- 

* The great difference between the diameter of the tube d, sod 
, that of' AS cylinder A allows the level n to be confidered as pon- 

'**"*■ - ' pofe. 
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WATER BLOWING MACHINE* 

pofe. * The afflux of water into each was regulated by means 
of the batches a and b 9 and the diftant floodgate Q, placed 
in the principal channel D. See the plan Fig. I. Plate * 

The anemometer was placed in o. Fig* 2, in the direction 
of the vertical tube P proira&ed. The batch placed in b was 
let down, fo as to prevent the paflage of the water that way* 

The hatch placed in a was railed, and the flow of water re* 
gulatedby means of the floodgate Q. This flow we varied, 
till we found the water in the graduated tube railed as high 
ns could be efieded without any other change of oircumflance* 

When we were certain we had attained this point, and that 
no variation in the quantity of water flowing off took place, 
we made the following observations. % 

1. Tbe mean depth of the water in C, in the little channel, Obferattau. 
juft before the T, was 15 inches 6 lines. 

2. The mean depth of the water in the great channel, was 
18 inches 9 lines. 

S. The water rofe to 26 inches in the graduated tube. The 
ofcillations varied between 25 and 27 inches, but feldon 
reached the latter height. 

4. The velocity of the water in the great channel having 
been obferved, the following data were obtained. 

Examined by means of Ample floaters- of paper, on an 
extent of 24 feet, we had, 

lft. The fpace palled through in two minutes a 61 feet, 

8 inches, 6 lines. 

2d. The fpace palled through in four minutes a 120 feet, 

€ inches. 

The tame velocity examined with cork floats, fupporting Method of met* 
little balls of wax, the weight of which was augmented by ^ 

bits of lead, fo that they Twain in the middle of the ftream water, 
with a gravity little exceeding that of water, we had for a 
mean of the fpace palled in two minutes, 63 feet, 7 inches, 

4 lines. 

If we compare thefe different refults, we (hall find, that 
the mean velocity of the water may be eftimated at 30 feet, 

1 1 inches, 1 line, a minute : but as it appears to us, that the 
refults afforded by the cork floats muff approach neareft the 
truth, we will pay no regard to the quantities before obtained, 
and eftimate the mean velocity of the water in the greater 
channel, at 31 foot, 9 inches, 8 lines, a minute. 

E 2 Now 
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Confumptwn of Now the breadth of the channel employed is 3 feet/ ® 
watcr * inches, and we obferved, that the current, the velocity of 

which we have givetv, is 18 inches 9 lines deep. Hence we 
fbay- conclude, that the confumption of water by the ma- 
chine, under the circum (lances above > mentioned, is 173‘ 
cubic feet in a minute, the height of the column of < water in 
the inflrument being 26 inches. * 

Qutntity of air • From the method defcribed in the Hydrodynamics of Boffut, 
emitted* we caicyiaied the quantity of air which this mafs of water 
Caufes to tflue from the machine in a given time. This 
quantity of air was found to be 7.35 cubic feet in a fecond, 
or 441 in minute 


Effefl of the 
air-holes ascer- 
tained by ex- 
periment. 


II, Experiments on the Effect of the Air-Holes. 

1. On flopping the four airholes, the water in the tnbe of 
the ioftrument descended to nine inches, and ofcilhitod very 
little. The efflux of the water from the machine acquired a 
velocity fufficient todiminifh the depth of the water in the little 
channel Gi Fig. 1 and 2, near the T, fix inches. 

2. One of the air-holes being opened/ i the water in the 

lube bfctllated between <22 and 24 inches. The meant = 23 
inches. • / 1 ' • ■ - i 

3i A fecond air-hole being opened, the mean height of the 
water in the tube was 25 inches. 

4*. A third air-hole bding opened, the columns of water in 
the tube rofe to its former height of 26 inches. 

• 5. The fourth hole being opened, no perceptible altera- 
tion in the inflrument took place, which proves, that this hole 
has no effe& on the machine. 


III. Experiments on the Ufe of Cmffes placed at the fuperior 
Orifice of the Machine . 

ther crofs * Some iron-maflers are accuflomed to place two round bars 
btrs in the top i n the f orra 0 f a cro fs a t the upper orifice of the funnel of the 
of the tube be 'iu ac kj ne# Thefe they imagine increafe the effect of the 

machine by dividing the water at the moment of its fall. , 


Cylindrical be!- • * If thefe re f u l ts he compared with thofe of the cylindrical bel- 

lows of Namur lows of the country of Namur, defcribed by Cit. Bailbet, in No. 16, 


give more air 
with kfs water. 


of the Journal des Mines, it will appear, that, to give out an equal 
quantity of air, the quantity of water expended by the blowing 
machines, with' a fall more than twice its height, is nearly double 
that 'employed to move the cylindrical bellows. 

To 
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To judge of this in the cafe before us, we fitted in one* 
of thefecroffes, ait the other citeoraftances remaining as above, 
and then obferved the progrefs of the tnftrumenf. 

The column of water in the tube frequently defcended to They diminish 
24 inches, and fefdom rofe to 26 : whence we may eft i mate ^ 
the nieaft height, which before was 26 inches, only 24£. • -- ' 

Now this difference occafions a diminution of velocity in 
the efflux of the'air, and consequently thews the faultinefs of 
this method under the circumftances here mentioned. 

IV. Experiments on the Effedt of Hatches placed near the Orifice 
of the Machine . 

The hatch a Fig, 1. was replaced in the grooves adapted Advantage of 
to the channel. We altered its height from the bottom of the tf^wawr. 
channel, obfervhig the movements of the anemometer, in 
order to find the pofttion raoft favourable for the efteft of the 
machine. 

The mean height of the column of water in the tube never 
exceeded 28 inches, the elevation of the lower part of the 
batch above the bottom of the channel, being then five inches 
one line; and it is remarkable, that the difference of a {ingle, 
line in this elevation lowered the water in the tube confider- 
ably. 

V. Experiments on the Crojfes when the Hatch is vftd. 

. The hatch being placed as has juft been faid, we fitted the When thus re- 
crofs again at the fuperior aperture of the funnel, when the gulatcd * 
prater in the tub^ of the anenwmeter funk. We then varied 
the height of the hatch above the bottom of the channel; 
observing the progrefs of the inftrument, to determine the 
mod advantageous pofnion for it under the prefent circum- 
ftances. 

The elevation of five inches eight lines^was now found The croft pro- 
fhe moft favourable to the effect. With this the water ofeil- daced ** r */ 
lated in the tube between 28 and 30 inches, moft frequently 
Reaching thp latter height, which we could never br\pg it to 
exceed, whatever changes we qnade in the ar^angem^it, of 
the parts that condpofe the machine, *, 

If we compare tfye Gtuation of the hatch before the qddition but espendrd 
pf the crofs, with that which is moft- fui table in the caf^p ^ 10rc water - 
before we find an increafe of feven !ine$ in the height 
2 4 from 

i. 
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from the bottom of the channel: now tljif addition to the 
height confiderabty increafes the quantity of water expended 
by the machine. 

Coafilujvms from theft Experiments 

General conclu- fA.) Under the circumftances related m the firft fet of 

fion«. The experiments. 

engine by 173 r 

cub e feet fall- 1* The expenditure of water for the Mowing machine 

ing through 21 w | t h which they were made was 173 cubic feet in a minute. 

feet, drove out . „ , ... 

441 cubic feet 2. The air emitted from the aperture of the nozzle, being 

of air in t (wo inches in diameter, when the anemometer was at 26 

ffeffureor 26 ,n <hes, was 441 cubic feet in a minute. 

Inches of water (B.) Of the four air-holes in the machine, three only con- 

“chllof mer- tribu<e ,0 tbe prodoced. 

eury; which it, (C.) The hatch placed near the orifice of the machine in- 

not quite one created its effect, when the lower part of it was raifed five 

pound per fquare r 

inch. inches one line above the bottom of the channel to which it 

was fitted. 

(D.) A crofs placed at the upper orifice of tbe machine 
dtminifhes its efteli when the hatch is taken &toay : on the 
contrary they increafe it, if the hatch be fo placed, as to be 
five inches eight lines above the bottom of tbe channel, an 
elevation greater than that mentioned in the preceding 
paragraph (C.) and which increafes the expenditure of 
Water. 

From thefe refults it may be inferred, that the crofs ftiould 
not be ufed in feveral cafes, where the quantity of water with 
Which the machine is Applied, is confined within certain 
limit*. 


ANNOTATION. W. N. 

The water blow- The blowing engine deferibed in the preceding memoir 

hryktt 'tx lain u P on l ^ e P r * nc *pfe the lateral adhefion of fluids, upon 
ed. which Venturi has fo ably written, in a trCatrfe given entire 

in our Quarto Series of this Journal, and fepSrately poblifhed 
afterwards by Taylor in Holborti. The (hoWer of water in 
its defeent through the vertical pipe carries down a mafs of air 
along with it, in the fame manner as a (bower of rain on the 
flat furface of the fea produces that temporary blaft* of wind, 
3 which 
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"feMch fesmen term a fquall, and is diffidently violent to carry 
* way (he mads of a drip, if the faib be not reduced in time. 

It is evident that this engine pofietfes the defireable qualities 
6f cheapnefs and (implicit^; and Lewis who has written 
fomewhaf fully upbn it# in hife Fhilofopfiical Commerce of 
Arts, from' experiments of his own, after! &, that it requires 
much lefs water for working it than any other kind of bellows 
in life, I have no doubt bat that many occafions muft offer 
in which h would be beneficial; but whether its expence of 
water be comparatively fmall, and its power in any cafe 
equal to the fupply of our (melting furnaces, may be deffcrving 
of more enquiry. 

In the excellent paper of Mr. Roebuck on the Devon iron Numerical 
works, inferted in the fifth Volume of the Edinburgh Tranfe 
a&ions, and atfo in the Quarto Series of this Journal# there of the etfea of a 
are fome numerical feds refpe&ing the blaft afforded to iron 
furnaces by iron cylinder bellows worked by the (learn engine ; 0 f air# 
and as they agree very well with others given in my Chemical 
Didionary, under the article Trompe , I will (late them in 
this place* Mrv Roebuck affirms, that: one iron furnace was * r 

exerted <bya> blowing cylinder, which gave 155 cubic feet of 
air 16 limes per minute, which numbers give a pnodud of 
2430 cubic feet. This is $f- times the quantity emitted by the 
blowing engine in the text. The fleam engine was estimated 
to ad by a prefiure pf 13062 lbs. anfwering to 2£ lbs. on the 
fquare such of the air ptflon, and this multiplied by (our feet 
eight inches; the length of flroke, and by 16, the number of 
flrokes, gives 976296/or the weight multiplied byitsjaJl ip feet* 

Now the machine in the text was worked by 173 cubic compared with 
feet, ot 10812 lbs. of water felling through 21 feet, which Sgengin^*"' 
gives s product of g S Tfrfrfr , or mo r e than one fourth of the 
flrft mover of the ileam engine blaft, inftead of one fifth and a 
half. The blowing engine therefore continued more water by 
one .fourth than would have been required to produce its 
efTed, according to what was dope by the fleam engine 
But the (team engine drove out its air under a yeadion of 
between five and fix inches of mercury in the gage ; a velocity 
which being more than Mr. Roebuck found necelfary l was 
a difadvantagepus wade of power. The velocity of tbeTheftcsm 
water blowing engine produced by its prefTure of two inches* ^wer, 
is mod probably too fmall ; and if fo, the multiplication of 

thefe 
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thefe engines would not be advifeable, even if Lewis bad 
been in the right in fuppofing them to fave water. Thefo 
rough computations, or rather eftimates, are fufficiently near 
for data fo loufe as thofe upon which we have operated; and 
they appear to diew that the principal, and perhaps the onl y 
recommendation of the water engines is, that .many of them 
may be {bade and applied at a fmall charge, in fituations 
where water with a proper fail is plentifully to be had. 


XII. 

4 Method qf rendering the long and Jhert Vibrations of a 
Balance , governed by a Jpiral Spring, prectjely equal *n 
Duration. By Mr. Charles Young. Jn a Letter from 
the Inventor • 


To Mr. NICHOLSON. 

SIR, 


No explanation 1 HAVE lately tried many experiments upon fp rings, with 
ha; been g ven a v j^ w to obtain fome knowledge of the caufes which govern 
and fhort v bra- an efifed that is very troubiefome to all makers of chronOmo* 
tions of a^ba-^ . naro ely f that the vibrations of the balance through fhort 
«£* " 1 C «rcs f confining of perhaps ninety degrees, are in fome in- 

Oruments performed in longer, and- in others in (horter time* 
than thofe l6ng arcs, fuch as of four hundred, ft is certain 
that no falisfadory reafons have been given, either in 
England or in France, to (bow how this irregularity is pro- 
duced. 


A balance fuf- 
pend.'d by a 
ftrait wire had 
its long and 
Aiort vibiations 
equal. 


I made a piece of brafs to ferve as a large watch balance, 
and ftifpended it by a bit of fpring wire, on which it could 
vibrate as an axis, then having iprnedit four or five times, 
I left it to regain its natural polition*. If performed all its 


# This method of fufpcnHon has been ufed for philof.phical 
purpofes, by Mr. Mitchell, (fee Prieftley’s Optics,) by Mr. Caven- 
difh, (fee Philof. Tranf. and alfo this Journal quarto II. 4 16.) 
by Mr. Coulomb, in his numerous experiments on Ele&ricity and 
Magnetifm; and by Mr. Btrthoud, in his Time Piece, No. 24. Se$ 
his Tieatil’e de la Menfure du Temps, p. 50. It does not appear 
that this fpring has yet been uftd by itfelf in time pieces. N. 

' ofcillations 
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ofcillations predfely in equal times, whatever was their 
extent, whether they confided of thirty degrees, or of three 
tboufand. It therefore returned to the place at which it was 
at red with velocity exactly proportioned to the forces employ- 
ed to remove it. From this experiment I concluded, that the 
balance fpring of a watch is not in a fituation to exert this 
natural quality, but that the didortion into which it is 
thrown, is fuch. as deftroy this valuable properly of ifochro- 
nifm. 

The principal circumftance by which the fpiral balance The fpiral fprinf 
fpring appears to me to be cramped, and prevented from *7 

operating by its natural adtion throughout, is, that the outer - 
extremity is fixed by the Hud, fo that it cannot expand and 
contrail in its coils every where alike, as it ought to do. To hut when its 
remedy this, I attached the dud to a ftraight fpring, lying in made free by a 
the direction of the tangent of the fpiral, continued from that ftraight fpring 
extremity. This fpring by its eafy a 61 ion allows the fpiral to J|j 
approach the centre, and retire from it with great regularity ; 
and, what is mod material, it can with certainty be reduced 
to fuch a drength, that the long and (hort vibrations of the 
balance will prove perfectly equal when this adjudmeni is 
made. For upon the ; drenglh of this diort fpring depends 
the freedom with which the axis of the balance is enveloped 
by (hat fpring which regulates its motion. Jb® fpring. dud 
affords a good banking; for the banking pin on the balance 
may be e^ily placed fo as to drike upon the epd of the dud in 
the cafe of extreme vibration, 

I am. Sir, * 

Your's mod refpe&fully, 

Charles Young, 

Wood Street, Jug. 23, 1 805, 
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Letter on the 
competition of 
muriatic acid. 


Water deeom. 
poftd by gaj- 
vanifa fhewed 


•^rthat muriatic 
acid it an oxrde 
of hidrogen. 


SCIENTIFIC NEWS. 

t J . ' 

- Compofition <f Muriatic Acid. 

hf (Tie third number of (he Edinburgh Medical and Surgical 
Journal? pubfiffied July 1 laff, is the tranflation of a letter for. 
warded to the editors of that work fey the celebrated Fabbroni. 
It bears dale from Pifa, May 9, 1805, and is written by Dr # 
Franc ifco Pacchioni, profeflbr of natural philofopy in the uni* 
verfijy of that city, to Sig. Lorenzo Pignotti. 

After fome prefatory observations, the writer announces 
that he has fucceecfed by galvanifm in obtaining fetida&ory 
evidence of the ndture of the conffituent principles of muri~ 
afic acid. Hi exprefies his confidence that the ffmplicity of 
his apparatus and means have fecured him againft illufion; but 
for want of time he forbears to relate the whole feries of his 
experiments. His refufts are, 

]. Muriatic acid is an oxide of hidrogen. 2. In the oxige- 
naled muriatic acid and therefore, tifdrtiori, in muriatic acid 
there is a much Fefs proportion of otfigen than in water. 
Hidrogen may have very mariy anddtfferenf degrees of oxida<» 
tion. 

Some Mount of Tbb author inform susthat havmg,by accurate experiments, 
she experiment* the true theory of galvanifm, he readily drfeovered 

a very Ample and exa& apparatus, in which he eOOld LatfRiOdlyc 
perceive (he changes which happen to water, which, from 
the continued u&ion of the galvanic pile, is cocftontly Mug 
ksoxigen at thefurface of a wire of very pure gold- i rimer fact 

Hlil, * **r 

With this apparatus, which I ednjeduae mufb have been 
the fame as that of -Davy, in which the oxfgoh and hydrogen 
wore given aft w feparat© veflels 1 of water, be observed that 
' pure oxigen was emitted from, the gold .a ire, that the water 
became acid, and when by proceeding in the operation until 
the refidua! fluid occupied about half the capacity of the re- 
Oerver (that is, I pnefume, when half the (laid da one of the 
veflbW had disappeared) the remainder, was found to be of an 
orange colour, more' deep the left quantity of fluid. It re~ 
femblod a folutior)/of gold. FVotn the lower orifice of i!>e 
veffel, which was clofed with a piece of taffetas and then with 
double bladder, a fraell was emitted of oxigenated muriatic 
acid. The gold wire appeared corroded. The bit of taffetas 

which 


Water deprived 
of oxigen firft 
became acid; 


—and then ap- 
peared to hare 
diflblred part of 
the gold wire. 
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which had been in contad with (be coloured fluid bad under- 
gone an a&ion which rendered iteafily to be torn. Round the 
edges of the veflel on the bladder there was a deep purple ring 
and within that a circular fpace rendered colourlofc or. white; 

A drop of the fluid itfelf tinged the (kin of the haad after fome 
hours, of a beautiful rofe colour. * 

The fame liquid, poflTeffing confiantly the fame qualities, Ogatides of the 
was obtained in various repetitions of the experiment. It was 
fhewn to contain a volatile acid by the white vapours whic^dadc acid* 
were formed by ammonia placed near it. It threw down A s 
curdy precipitate from nitrate of filver, which the author con* 
eludes to have been the muriate of that metal ; and from the 
whole of the fads be deduces the refults fir ft enumerated at 
the beginatg of this abftrad, refpeding the com pofi lion of 
muriatic acid from water by depriving it of part of its oxigen* 

He promifes to treat of the other oxides of hydrogen in a me* 
moir fhttrlly to appear. 

» The origin apd nature of the muriatic acid being thus, a* Hence the origin 
the author obferves, determined, there as no longer any myflery *** °t the 

So its formation, nor in that of the muriatic falls in the vaft ex* 
tent of the ocean. 

The editors of the rcfpedable Journal, from which I have Acid and alkali 
made this ext rad take notice of the early difcovery of Cruick- . 

flunk (pobiitbed by him in our quarto furies for 1801 ) that in- z goi to be form- 
fufion of litmus was reddened by one end of the pile and in- ***>7 gatantfm, 
fufton of Brasil wood rendered purple by the other, which bo 
aforibed to the formation of nitrous acid and ammonia ; and 
they alfo qnote the difcovery of muriatic acid being formed by — and common 
the galvanic adion by Mr. Peele of Cambridge, which was pecle m 
announced in Mr. Tilloch’s Philofopbical Magazine a few days ’ 
before Profafibr Pacchioni's letter was publtihed at Pifa. Mr. 0r mnriate of j 
Peelers letter bears date April 28, 1808. He took a pint of Mo* 
diftilled water and decompofed half of it by means of gal van* 
ifm ; the other half, being then evaporated, left n (mall quan* 
tity of muriate of foda or common felt. Great attention had 
been paid to the purity of the water; and upon a careful re* 
petition the fame refolt was again had. In a poftfcript he own* 
tions that a friend of his had tried the experiment and fuc* 
ceeded io the feme manner. 

Literary \ . 
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literary and Philojbpkical Society of NewoafiU upon Tyne . 
Twelfth report T*HE 'Literary and Phtlofophical Society of Newcaftle- 
1^ t!^and^ Phil ^ 1C t*P on “Tyhe have publifhed their twelfth year's report. Tho 
Society* fpMted Union of literature, fc'ience and pra&?Ca1 refearch con- 

tJftaeS t6 form the chamber of their proceedings. Their li- 
brary encreafes no lefs in value than* in magnitude, and they 
* have libfcrrfly refolred w that the fubfcribers to the public li- 
tf btary at North Shields (and to other fimtlar inftitutions which 
• 99 (hall afford an equal accommodation to the members of the 

€f Newcaftle Society) fhall be admitted to the rooms without 
** introduction on producing to the librarian a certificate of 
«* tlreir being members of fuch inftitutions.” I will not fup- 
pofe that any of my readers will confider this information as 
merely local. The advantages of provincial focieties of efti- 
mable and well informed men is of high national importance, 
and it cannot but be of general intereft that fuch enlightened 
proceedings as are adopted in one part«of the kingdom fhould 
be known and imitated in every other quarter, where fimilar 
circum fiances may render them defirable. 

Blafting rocks in I have much pleafure in adding the teftimony of Northum- 
method ff ° P * berland in favour of the improvement in blafting rocks, which 
1 Mr. JefTop communicated la ft December, through the chan- 

nel of our Journal. 

. tried with At ♦ the meeting in April, 1804, Mr. Fogget of Sheriff. 

imtrrland 10 ^" Will Reported, that the new mode of blafting with fand, de- 
fcribed in the Philof. Journal had been tried by him, and that, 
contrary to his expectation, it had anfwered every purpofe of 
the old mode, with a confiderable faving of powder, and of 
more than one-third of the labour, and with an entire freedom 
from rHk. 

At the meeting in May, Mr. Fogget prefented a fe&ron of 
■ two holes drilled and prepared foe blafting according to the 
new method : One perpendicular, in which the charge of 
powder being introduced and the communication- fttaw placed, 
tl>e remainder of the hole rs filled up with fine dry fand : the 
ether a horicootaJjor afcending hole ; in which Ike powder and 
famiv being made up * into a cartridge* i* fn the aft of being 
tbruft up to -the. fazlheft * extremity of the hole* by 1 ® blunt- 
pointed pricker put in by the fide of the community (ion ftraarf 


* Report, page 5. 


At 
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At the meeting in June an account was communicated by ^m/thod^f 
Mr. Thornhill bf an accident having happened in Gatefhead- «j 0WB 

‘Park colliery, by which one man loti his life and another had* the charge* 
been feverely wounded, in confequence of the powder hav* 
ing taken fire in the ^ommon mode of Hemming, or ramming 
down the charge with fragments of Hone. A cafe was alio 
oiled by Mr, Horn of a perfon who had lately been brought 
from AlHon Moor with his ikult fraftured by a £snilar ex* 
ploHon, » i 


New Procefs for Sleeping Hemp, 

THE new procefs of M. Bralle for Heeping hemp, which ,^ tee P' n 3 
has the advantage of faving time, capital, and the health of 
numerous individuals, and of which an account was given at 
page 8 6 of our laft volume, has been repeated in one of 
the provinces of France, to the entire fatisfaclion of the inha- 
bitants, who might be fuppofed the feafl inclined to deviate 
from their accuHomcri habits. The flaple Was found to be 
excellent, and of a fuperior Hrength and quality when fpun 
into thread, and alfo after it had palled the loom in the form 
of cloth. 

Medical Theatre , St. Bartholomews IJvfptial. 

THE following courles of Left u res will -be delivered at 
this theatre during the enfuing winter. 

On the tlieory and praftice of medicine, by D; . Roberts 
and Dr. Powell, 

On anatomy and phyfiology, by Mr. Abernethy. 

On the theory and praftice of furgery, by Mr. Abernethy. 

On comparative anatomy and phy Hology , by Mr. Macartney, 

OnchemiHry, by Dr. Edwards 

On the materia medica, by Dr. Powell. 

Anatomical demonHrations and praftioal anatomy, by Mr. 
Lawrence. 

The anatomical leftures will begin on Tuefday, Qylober 1 H, 
at two o’clock, and the other leftures on the fucceeding days 
of the fame week. 

Further particulars may be learned by applying to Mr. 
Nicholson, at the apothecary’s (hop, Su Bartholomew’s 
bofpiuL 

AN 
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Medical InfituUon. 

AN inftjttition has been lately eftabliihed In London for the 
pturpofe of promoting a liberal amt u (etui intercourfe among 
the different branches of the medical profeffion, and of a f- 
ferding a centre for the reception of communications, and for 
the formation of a feted and extenfive profeffional library. 
It is called the Medical and Cbirvngical Society of London , 
and it comprizes a con&derabie number of prafeffional men of 
the firft charader. The meetings (which will commence in 
Odober) will be held at the Society’s apartments, Verulam* 
buildings, Gray’s-Inn, where any communications, or dona- 
, lions of books are requeued to be fent, direded to the fecre- 
taries. 

The following is a lift of the officers and council for the pre- 
fent year. 

PRESIDENT , Wm. Saundbrs, M.D.F.R.S. 

John Abernethy, Efq. F.R.S. Vicc-Prt s. 

Charles Rochemont Aikin , Efq. Sec. 

Wm. Babington , M.D. F.R.S. Vice-Pret. 

Matthew Bail lie, M.D . F.R.S. 

Thos. Bateman, M.D, F.L.S. 

Gilbert Biane, M.D. F.R.S. 

Sir Wm. Blizard, F.R S. Vicc-Pra. 

John Cooke, M.D. F.A.S. Vice-Pres. 

Aftlty Cooper, Efq. F.R.S. Treas. 

James Curry , M.D/F.A.S. 

Sir Walter Far quhar, Bart. M.D, 

Thompjbn Forfier % Efj. 

Algernon Frampton, M.D. 

John Heavifxde , Efq. F.R.S. 

Alex. Marcet, M.D. For . Sec. 

David Pitcairne , M.D. F.R.S. 

lien. Bevell Reynolds, M.D. F.R.S; 

//. Leigh Thomas, Eft. 

James IViljbn, Efq. F.R.S. 

John^Yelfoiy, M.D. Sec . 
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Proper tic* qf blued Steel not generally hrufton. 

* IN making fprings of fteel the metal is drawn or hammifed 

ora " mg funngs. 

out and faihioned to the deftred figure. It is then hardened by - 

ignition to a low red heat and plunging it in water, which 

renders it quite brittle. ' And laftly, it itf tempered either by Hardening, 

blazing or blueing. The operation of blazing confifts in blucinl.* 1 * 4 

fmearing'th* article with oil or fat, and then heating it till 

thick vapours are emitted arid bom off with a blaze. I tap- 

pofe this temperature to be nearly the fame as that of boiling 

Bterenfy, which is generally reckoned to be at the 600* of 

Fahrenheit, though, for reafons I (hall ih future mention, I 

think this point requires to be examined. The operation of 

blueing confids in firft brightening the furface of the deel, and 

then expofing it to the regulated heat of a plate of metal or a 

charcoal fire, or the flame of a lamp until the furface acquires 

a blue colour by oxidation. The remarkable fafts which I A Mue fpriog 

have here toprefent to the notice of philofophers are that ^ r *bnghccnhng and 

Stodart adores me that he has found the fprmg or eladicity of reftbred by blue* 

the deel to be greatly impaired by taking off the blue with 111 ****** 1 * 

fand paper or other wife; and, what is dill more ftriking, that 

it may be redored again by the blueing procefs without any 

previous hardening or other additional treatment. 

Mr. Hardy, who is meritorioufly known as a Ikilful artift,* Saw nuktn 
a flu red me fome time ago that the faw-makers firft harden their 
plates in the ufual manner, in which date they are more or lefsfoftcn it by 
contorted or warped, and are brittle; — that they then blaze 
them; which procefs deprives them of all fpringinefs, fo by blueing, 
that they may be bended and hammered quite flat, which is a 
delicate part of the art of faw making; — and that they blue them 
on an hot iron which renders them diff and fpringy without 
altering the flatnefs of their furface. Mr. H. finds that Toft Soft flee! blued, 
unhardened deel may be rendered moreeladic by blueing, and more by 
that hard deel is more expanfible by heat than foft. heau 

It is very difficult to reafon or even to conjecture upon thefe 
fa&s. They certainly deferve to be verified by a direct procefs 
of examination, which I intend to make, and (hall date the 
retails in our next number. N. 

• See his banking for time pieces in our XI. Vol. page 114. 

Cofr 
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Prefervation qf Succulent Plant *. 

Whether tlie fad be general ly in potTeffion of the collector* 
of plants I know not, but it will certainly be inftructive to 
many readers to be informed that green fucculent plants are 

much better preferved after a momentary immerGon in boiling 
water than otherwile. This treatment, wh ch I am told is 
adopted for the economical prefervation of cabbage and other 
plants which are dried for keeping, deftroys the vegetable life 
at once, and feems to prevent an after procefs of decay or 
mortification, by which the plant would have been more con- 
fiderably changed, if it had not been fo fuddenly killed* 


Coh'eQions to the ] Uh Volume. 

P. 159, !. 2, area r. era< — l. 21, Agy r. Aqy. — 1.36, qxp— 2* 
r. fla . — 1. 12, for r, qf . — !. 23, put a comma before 

that. — p. 23o, 1. 20 from the bottom, after the words preferred 
as add at perfect at fofible, but the prefs recommended bj/ Dr. 
Withering does not appeur calculated, fyc . — 

Dr. Bollock's eflay upon animal fluids which was communi- 
cated by the author and inferted in our laft number, appeared 
alfo in the third number of (he Edinburgh Medical and Surgical 
Journal. This by a cafual omiffion of the friend who for- 
warded me manufeript was not intimated to rae until feve- 
ral days after the paper came to haud. 
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ARTICLE I. 

Experimental InveJligaUons concerning Heat. By Binjamin* 
Count of Rumfo&d, V . P . R. $, Foreign Ajfociate of the 
National Injiitute qf France , fyc* fyc* Received from the 
Author . 

To Mr. NICHOLSON. 

Dear Sib, Munich , Auguft 29, 1805. 

Having learned by a letter which I received this day from 
England, that you hare publifhed in your Journal of Natural 
Phifeibphy the memoir I lent you on the temperature at which 
the denfity of water is a maximum, I take the liberty to fend 
you herewith inclofcd three memoirs on heat, which are des- 
tined to appear in the next volume of the publications of the 
fir ft clafs of the National Inftitute. — Three other memoirs of 
mine will appear in that volume, but as they contain little that 
frould be new to you, I do not fend them to you. 

I continue my researches on heat, and have lately made fe- 
veral new and very interefting experiments, the refults of 
which it is my intention to communicate to you, as fooa as t 
ihall have com pleated the particular courfe of experiments in 
which I am now engaged. 

I am. Dear Sir, with much efteetn. 

Your moft obedient fervant, 

RUMFORD. 

Vol. XII,— -October , 1805, F Sect. 
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ON HEAT* 


Sect. I. Short Account of a new Experiment on Beat . 

I have lately made a new experiment, the refalt of which 
appears to me fufficienlly interefting to deferve the attention 
of the clafs. 


Qa. Whether Having found by experiments often repeated that metallic 
the heating and bodies expofed in the free air of a large apartment are much 
ed°and of Mack- more fpcedily heated aqd cooled when their furfaces have been 
ened bodies fol- blackened (over the flame of a candle for example) than when 
lhe y are c ^ ean an d poliflied ; I was curious to know whether 
ijpacesas in fpaces the fame phenomena would take place when, inflead of ex- 
more enlarged ? p 0 (j n g thefe bodies in the open air, they fhould be placed in 
clofe metallic veflels furrounded by a certain thicknefs of in- 
eluded air, and thefe ;veflels fliouLd be then plunged in a large 
mafs of hot or cold water. In order to clear up this impor- 
tant point, I made the following experiment: 

A cylindrical veflel of brafs, three inches in diameter and 
four inches long was enclofed in another larger cylindrical vet. 
fel, in the centre of which it was fufpended by its neck, fo as 


A cylindrical 
▼eflel of thin 
brafs was fup- 
ported in the 


middtrof a larger to touch it in no other part, leaving on all fide* an interval of 
Iwueathln in- 0ne inch between t,ie veflels. 

terval of air be- The external veflel as well as the fmaller one included with- 
tween them. ( n ; s ma( j e 0 f ihj n (heels of brafs; its diameter is five inches 
and its height fix. It is one inch and a half in diameter and 
fix inches high. Its neck is one inch and a quarter in diame- 
ter and two inches and a half long. 

The interior veflel is fufpended in the centre of the external 
one by a fiopper of cork. Thisflopper is adjufied to the neck 
of the external veflel, and there is a cylindrical hole of three 
quarters of an inch diameter through the cork, and having the 
tame axis, which perforation receives the neck of the interior 
veflel and retains it in its place. 

The interior veflel was introduced and fixed in its place be- 
fore the bottom of the exterior veflel was foldered in. 

At the centre of the bottom of the great veflel is a fmall me* 
tallic tube of three quarters of an inch diameter and one inch 
and a half long, by means of which this inftrument is attached 
to a folid heavy foot of metal which fu pports it m a vertical 
pofition when the whole infirument is fubmerged in a veflel 
of water. 

This rnftrument, which greatly- refembles that deferibed in 
my 7th eflay on the propagation of heat in fluids, which I have 

called 


The larger veflel 
was fupported 
on afoot. 
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called the Paflage Thermometer*, may be ufed to make a 
number of interefling experiments on the cooling of bodies 
through different fluids. In the prefent experiment I em- 
ployed it in the following manner : 

The interior veflel was entirely filled with hot water to the Jh e 
height of half an inch in its neck, and a good thermometer, hot water, 
having its cylindric bulb four inches long, was inferted therein. *nd » thermo-. 
The inflrument was then plunged in a mixture of pounded m 

and water, and the time was noted by means of the thermo- The whole In- 
meter, during which the hot water in the final! veflfel became j tt 

cold. ice and water. 

I was careful to plunge the inflrument in this frigorific 
mixture, fo that the large veflel was completely fubmerged 
except the upper extremity of its neck ; and I added from 
time to time a fufficient quantity of pounded ice, to keep the 
frigorific mixture conflantly and throughout at the temperature 
of melting ice. 

The following were the refults afforded by two fimilar in- 
ftruments employed at the fame time : 

Thefe two inflruments, which I (hall diftinguifli refpeftively 
by the letters A and B, are of the fame form and dimenfions ; onc 0 f w h, c h, 
there is no difference between them but in the ftate of their B, had the inte- 
furfaces. In the inflrument A, the exterior furface of the ™ e r 
final! veffel and the interior furface of the great veflel which and the exterior 
inctofes it, are bright and polifhed ; but in the inflrument B, 5 f ac t ^/! n * , ^ r 
the exterior furface of the fmall veflel and the interior furface the other inftni- 

of the large veflel are black, having been blackened over the n ? en , t . , 1 A j *1** 

_ „ ® . _ , , r . . the like farfaccs 

flame of a candle before the bottom of the great veflel was po ii(hcd. 

foldered in its plate. 

Having filled the interior veflel of each of thefe inflrument$The interior 
with boiling water till the water rofe fo the height of half an 
inch in the neck, I placed a thermometer in each, and then 
plunging both inflruments at the fame time into a tub filled 
with cold water 'mixed with pounded ice, I obferved the 
courfe of their refrigeration during feveral hours. 

Each of the iiTflruments was completely fubmerged in the The refirigerat- 
frigorific mixture; excepting about one inch of the fuperior 
extremity of the neck Of the exterior veflel, and I was crteful water* 

* See our Journal, Vol. IX. 
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ta add new quantities of pounded too from lime to timfe, in 
order to keep the frigorific mixture conftantly at the precife 
temperature of melting ice. 

As the fpecific gravity of water at the temperature of three 
or four degrees of the thermometer of Reaumur, is greater 
than that of melting ice, the water which lies at the bottom 
of a veffel containing a mixture of water and pounded kc, 
is ufually warmer than the fluid which occupies the upper 
part of the veflel. To remedy this inconvenience my vefri* 
geratory for the frigorific mixture was a tin veflel fupported 
on three feet of one inch in length, and I placed this firft 
veflel in a larger of wood, containing a certain quantity of 
ice furroanding the bottom and part of the (ides of the metallic 
veflel. 

As in the firft moments of the experiment tbe thermometers 
defcended too quickly to be obferved with precifion, I waited 
till each of them had arrived at the 55th degree of Reaumur j 
after which I carefully obferved tbe number of minutes and fe- 
conds employed in palling through each interval of five do* 
grees of the lower part of the fcale of the thermometer te the 
fifth degree above zero. 

The following table exhibits the depreffien of the thermo* 
meters during eight hours employed in the experiment* 


Degrees of the Ther- 
mometer, 

Time employed in WQling, 

By the Inftriu. By th* ftaAru 

meat A* ment B. 

From 55 to 50 • 

11* 

6* 

* 7" 

5a* 

50 

45 

13 

15 

• 8 

to 

45 

40 

15 

12 

* 9 

5 

40 

35 

19 

10 

• 10 

50 

35 

30 • 

22 

24 

12 

18 

30 

25 

27 

50 

15 

10 

25 

20 

37 

6 

- 21 

15 

20 

15 ■ 

54 

15 

• 28 

15 

15 

10 ’ - 

80 

25 

• 41 

2* 

10 

5 ■ 

183 

45 

- 85 

15 

Time employed in cooling*) 
from 55° to 5®, J 

478 

4 

- 254 

5 


It 
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It is evident from the refill* of this experiment, that the The blackened 
blackened body it conftantly cooled in lefe time than the po- coole/more 
lifhed body ; bet it appears by the courie of the thermometers, quickly than the 
that the difference between the quicktiefs of cooling of thefe ocllcr * 
two bodies varies, and that this difference was lefs con lid er- 
able in proportion as the temperature of the bodies was more 
elevated in companion to that of the medium in which they 
were expofed to cool. 

In cooling from the 55th degree to the 50th above the tern- The difference 
perature of the farrounding medium, the polifhed body 
ployed 1 1“ 6% and the blackened body employed 7“ 50* to perjures j pro- 
pafs through the fame interval. But from the 1 Oth to the 1 5th bab, y bccaufc thc 
degree above the temperature of the medium, the pohfhed then fhewed the 
body employed 183“ 45% while the blackened body employed mean tcm P cra * 
only 85“ 15*5 but it is extremely probable that this difference redtl™ 0 ** 
between the proportion of (he times employed in cooling the 
two bodies at different temperatures, is only apparent, and 
that it depends on the greater or lefs time required for the 
thermometers in the vefTels to arrive at the mean temperatures 
of the maffes of water which furround them. 

In order to compare the refults of this experiment with thofe From thefe ez- 
I made lad year with metallic vefTels polifhed and blackened, 
and left to cool in the undifturbed air of a large chamber, it rate of cooling 
is neceflary to afeertain how much time the two bodies in 
queftion employed in cooling, from the 50lh to the 40th de- with\hT©th«£ 
gtee of Fahrenheit above the temperature of the medium. *• near, y 
Now I found by obfervation, that the polifhed vefTel A ern- mer | y ° f * 
ployed 39“ 30* to pats over that interval of cooling, while the mined with bo* 
blackened vefTel B employed only 22*". Thefe times are in chamber.** 1 ** 
the proportion of 10000 to 5810. By one of my experiments 
made lafl year, I found that the times employed in palling 
through the fame interval of cooling in the open air by a clean 
politlied metallic vefTel, and another of the fame form and 
capacity, but blackened without, were as 10000 to 5654. 

Refle6ting on the confequences which ought to refult from If the intenhtics 
the radiations of bodies, on the fuppofition that the tempera- 
lures of bodies are always changing by means of thefe radia- the fquare*of 
tions, I was led to the following concIuGon : If the intenfity 
of the adion of the rays which proceed from a body, be uni* in the fame time 
verlally as the fquares of the diftances of bodies inverfely, 

S which . 
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by radiation. 
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power of bodies 
with regard to 
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which is extremely probable, a hot body expofed to cool in a 
clofe place, or furrounded on all tides by walls, ought to cool 
with the fame celerity, or in the fame time, whatever may be 
the magnitude of this enclofure, provided the temperature of 
the tides or walls be at a contiant given temperature ; and die 
refulls of the experiment here deferibed, in which the hot 
body was enclofed in a veffel of a few inches diameter, com- 
pared with thofe of feveral experiments made lad year, in 
which the heated bodies expofed to cool between the walls 
of a large chamber, appear to confirm this oondution. 

As to the effeCt produced by the air in cooling a heated 
body expofed to cool in a clofe place tilled with that tiaid, I 
have reafon to believe that it is much lefs contiderable than 
has been fuppofed. 

I have (hewn by direCt and conclutive experiments, that 
bodies cool and are heated, and that with contiderable cele- 
rity, when placed in a fpace void of air*; and, by experi- 
ments made laft year with the intention of clearing up this 
point, I found reafons to conclude, that when a hot body 
cools in tranquil air not agitated by winds, one twenty-feventh 
only of the heat loti by this body (or to fpeak more core&ly, 
which it excites in furrounding bodies) is communicated to 
the air, all the reti being carried to a ditiance through the 
air, and communicated by radiation to the furrounding folid 
bodies. 

Sect. II. Experiments on cooling Bodies . 

It is only by careful obfervation of the phenomena which 
accompany the heating and cooling of bodies, that we can 
hope to acquire exa& notions of the nature of heat and its 
manner of ailing. 

Many experiments have been made by different perfons at 
different times, with a view to determine what has beep 
called the conducing quality of different fubtiances with re- 
gard to heat: I have myfclf made a contiderable number; 
and it is from their refults, often no lefs unexpected than in- 
teretiing, that I have been gradually led to adopt the opinions 
on the nature of heat which I have prefumed to fubmit to the 
judgment of this Mutinous affembly. The flattering attention 

* See my Memoir on Heat in the Philofophical Tranfa&ions for 
1786, and in my eighth Effay. 

with 
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with which the Clafs ban honoured the three Memoirs I have 
lately presented, encourages me to communicate the conti- 
nuation of my refearches, 

. AH philofophers are agreed in confidering glafs as one of Glaf* is sHowed 
the worft conductors of heat which exifis; and when it * s w 0 rft conduct 
propofed to coniine the heat in a body of which the tem-tor*. 
perature has been raifed, or to hinder its diffipation as much 
a* poffible, care is taken to furround the healed body with 
fobftances known to be bad conductors of heat. 

The refults of many of my experiments having led me to fuf- Bodies arc nor, 
pe& that the cooling of bodies is not effected in the manner 
which is generally fuppofed, I made the following expert-off. 
ment with the intention of clearing up this intereffing part of 
the fcience. 

I procured two bottles nearly cylindrical, of the fame form Experiment ? 
and the feme di mentions when meafured externally ; one be-^^ a hd a thin 
wg of glafs and very thick, and the other of tin or tinned iron, one of tin, 
which was very thin. Each of them is three inches ten lines 
in diameter very nearly, and live inches in height, and each 
has a neck one inch three lines in diameter, and one inch two 
lines in height. The glafs bottle weighs IS ounces J gros 
and 18 grains poids de marc, and the other thin metallic vef- 
iel weighs only 5 ounces 1 gros and 65 grains. 

Having very exaClly weighed the bottle of tinned iron, I were prepared, 
found its exterior furface to be 54,462 inches, which give weighed, 

0,21 142 of a line for the thicknefs of its Tides, taking the fpe- 
cific gravity of the metal at 7,3404. 

The mean thicknefs of the Tides of the glafs bottle is more »nd meafured. 
than fix times as great, as may be eafily deduced from a calcu- 
lation founded on the weight of the bottle, the quantity of its 
furface, and the fpecific gravity of glafs. 

. Having filled thefe two bottles with boiling water, I hung They were filled 
them up by (lender firings in the midft of the tranquil air of a teTcwl 
large chamber, at the height of five feet from the floor, and in the air. 
at the di fiance of four feet afunder. 

The temperature of the air of the chamber, which d«d not 
vary a quarter of a degree during the whole time of the expe- 
riment, was 9£ degrees of Reaumur’s fcale. 

. An excellent mercurial thermometer, with a cylindrical 
bulb, of four inches long and two lines and a half in diameter, 
fuipcnded in the axis qf each of thefe bottles, indicated the 

temperaturo 
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temperature of the contained water; and the time employed 
in its cooling for every five degrees of Fahrenheit’s thermo* 
meter, was carefully obferved during eight hours. 

The glafs being confidered as a very bad conductor of heat, 
and the Tides of the bottle being fo thick, who would not haws 
expe&ed that the water in ibis bottle would have been more 
(lowly cooled than that in the very thin bottle of tin* 

The ghfs bottle The contrary however was the event; the bottle of gtat* 

quick aTtba*of was coo * e( ^ almoft twice as quickly as that of tin. 

While the water included in the bottle of tinned iron em- 
ployed 56 minutes to pafs through a certain interval of cooling, 
namely through ten degrees, between the 50th and 40th de<? 
gree of the thermometer of Fahrenheit above the temperature 
of the air of the chamber, the water in the glafs bottle em- 
ployed only SO minntes for the fame change. 

It appears to me, that the refult of this experiment throws 
great light on the myfterious operation of the cotnmnnicatioQ 
of heat. 

If we admit the hypothefis that hot bodies are cooled, not 
by lofing or acquiring fome material fubftance, but by the 
adion of colder furrounding bodies, communicated by undu- 
lations or radiations excited in an etherial fluid, the refults of 
this experiment may be eafily explained ; but if this hypo* 
thefis be not adopted, I cannot explain them. 

Bodies are not It might perhaps be fufpeded that the air attached by a 
furrounding air. certain attradion, but with unequal forces, to the furfaces of 
the two bottles, might have been the caufe of this remarkable 
difference in the time of their cooling ; but thofe who will take 
the trouble to refled attentively on the refults of the experi- 
ments I have defcribed in a preceding memoir, which were 
made with a view to clear up this point, with a metallic veflel 
firfl naked, and afterwards with one, two, four and five coat- 
ings of varniih, will be perfuaded that this caufe is not faifi* 
cient to explain the fads. 

All metallic vef- B y a courfe of experiments made at Munich laft year, of 
faroedi^>ofidon w k»ch details are given in a Memoir fent to the Royal 
to cool. Society of London *, I have found that a given quantity of 

hot water included in a metallic veflel of a given form and 
Capacity, always cools with the fame quicknefs in the air, 

* See our Journal, Vol. IX. p. 194. 
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whatever may be the meial employed to conftruft the velTel ; 
provided always that the external furface of the veflel be very 
clean, and the temperature of the air the fame. 

In order that the cooling (hall be effected in the fame time, The furface only 
nothing more is required than that the external furface of the llccd 
veflel be truly metallic, and not covered with oxide br other 
foreign bodies. 

On the enquiry, what quality all the metals might have In This arifes front 
common, and pofTefs in the fame degree, to which this re- °* 

markable equality of their fufceptibility of cooling might be 
attributed, I found it in their opacity. 

The rays which cannot penetrate the furface of a body, br w J»ch the 
inuft neceflarily be thrown back or reflected ; and as the rays hcat IS rcflcftc ** 
of light, which have much analogy with the invifible calo- 
rific or frigorific rays, eafily penetrate glafs, though they 
arc refle&ed, at lead for the greateft part, by metallic fur*, 
faces, I fufpe&ed beforehand the refult of the experiment 
with the two bottles, one of glafs and the othejr of tinned 
iron. 

The fiate of a heated body, or a body which contains a Ufualcompari- 
certain quantity of caloric, has been compared to that of a ^ tto 
fponge which contains a certain quantity of water. Sup- fpon*e. 
poling this comparifon to be juft, we might compare the lofs 
of heat by the emiflion of the calorific rays, to the lofs of 
water by evaporation. Let us try if this comparifon can fup- 
ply us with the means of throwing fome light on the interefting 
fubjed of our refearches. 

Inftead of the fponge filled with water, let us fubftitute The fame am* 
the earth, and fuppofe for a moment that the earth is every 
where eqaally heated, and its furface in all parts covered with 
a bed of the fame kind of foil equally moift. 

As a fquare league in a mountainous country contains more If it were true* 
fiirface or more fuperficial acres than a fquare league fitoated would endtmofi 
in the plain, it is evident that more water would be evaporated heat than a 
from the whole furface of the earth in a given time if the earth h^dione. 
were covered with m6un(ains, than if its furface were an im- 
menfe plain, and confequently, that more caloric ought to be 
projected from the furface of any folid body broken with afpe- 
ritls, than from the furface of another body of the fame form 
and dimenfions, which is fmootb or well poll died. 

This 
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This reafonmg appears to me to be juft, and if I am not 
deceived, the conclufions which may be drawn from the fa&* 
in queftion, well confirmed by experiment, ought to be confi- 
dered as demonftrative. I have taken every poffible care to 
eftabiifh thefe fads; and the refults of all my experiments have 
confianliy (hewn that more or lefs perfect poldb, or the greater 
or lefs brightnefs of the furface of a metallic veffel, does not 
fenfibly influence the time of its cooling. 

I took two equal veflcls of brafs and polifhed the external 
furface of one of them as highly as pofijble; and I deftroyed 
the polifli of the other by rubbing it in all directions withcoarfe 
emery. When thefe two veirels were filled with hot water, I 
did not find that the unpolitlied vell'el employed more or lefs 
time in cooling than that which was polifhed. 

I was careful to wa(h the furface of the onpolilhed veffel 
effectually with water before the experiment ; as I knew that 
it I did not take the precaution of removing all the dirt which 
might be lodged in theafperitds of the furface, the prefence of 
thefe fmall foreign bodies would influence the refult of theex- 
periment in a fen Able manner. 

We ought carefully to diflinguilh thofe furfaces which appear 
unpolifhed to our eyes, but which in fad are not fo, from thofe 
which refled little or no light. 

It is more than probable that the furface of a metal is always 
polifhed, and even always equally fo in all the cafes wherein 
the metal is naked and clear and clean, notwilhflanding all the 
mechanical means which may be ufecflo fcratch its furface and 
break the glare of its luffre. 

Let us return to the comparifon of the evaporation of water 
from the furface of the earth, with the emiffion of caloric ra- 
diating from the furface of a heated body, and let us fuppofe 
for an inftant, that the evaporation of the water from the fur- 
face of the earth does not depend on the heat of the earth 
itfelf, but that it is caufed merely by the influences of fur» 
rounding bodies, as for example, by the rays of light received 
from the fun. It is evident that, in this cafe, the evaporation 
could not be fenfibly greater in a mountainous country than in 
the plain ; and by an eafy analogy we fee, that if hot bodies 
be cooled, not in confequence of the emiffion of fome material 
fubflance from their furfaces, but by the pofitive ad ion of rays 
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font to them by colder furrounding bodies the more or lef* per- 
fed polifh of their fur faces, ought not fenfibly to influence the 
rapidity of their cooling. 

This i$ precifely what all ray experiments concur to prove. Experiment* 

I have long fought, and with that patience which the love 
of the fciences infpires, to reconcile the refults of ray experi- 
ments with the opinions generally received concerning the na- 
ture of heat and its mode of a&iou, but without being able to 
fucceed. 

It is in the hands of two of the rood illuftrious bodies of/ 
learned men that ever exifted that I have thought it incumbent 
on me to depofif ray labours, my difcoveries, my doubts, and 
my conjectures. 

I am earneftly defirous of engaging the philosophers of all 
countries to turn their attention towards an objeCi of enquiry 
loo long neglected. 

The fcience of beat is not only of great curiofity, -from the Importance of 
multitude of aftonifhing phenomena it offers to our contempla- ^ r fc * cocc 
lion, but it is likewife extremely interetling from its intimate 
connection with all the ufeful arts, and generally with all the 
mechanical occupations of human life. 

Without a knowledge of heat it is not poffible either to ex- 
cite it with economy, or to direCt its different operations with 
facility and preciiion. 

(The Remainder in our next.) 


II. 

On pure Nickel , difcorered to be one of the noble Metals , and on 
its Preparation and Properties . By J. B. Richter.* 

On repeatedly cryftallizing fulphate of ammonia and nickel. Cobalt fepmtel 
the whole of the cobalt, an extremely fmall quantity excepted, ^^nu^nd °* 
will be feparated; but after this there Hill remains fome cop- nickel by re- 
per mixed with the fait. I have already announced that this ayftalfi- 
metal may be feparated from the nickel by fubliming the latter Copper, by fuh- 
with fal ammoniac; but at that time I had never obtained ^ 

pure nickel. With the compound fait of nickel and ammonia 

* Tranflated from the Journal de Cbimii of Van Mons, vol. VI. 
p. 163, March, 1805; and abridged by Van Mons from the JUl - 
gemeintj Journal (Ur Cbmit , 1801, vol. HI, p. 244* 
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a little arfenic flifl remains 5 and there may be iron fikewife, 
when we have been a little loo (paring in the addition of nitric 
acid to the fulphuric folution of cobalt containing calx of nickel. 

I endeavoured to feparate thefe extraneous metals in the 
humid way, but not with complete fuccefs. I decompofed by 
means of carbonate of potafh the triple ammoniacal fait c If 
nickel, free from iron, and as much as poftible from cobah : 
the precipitate flill was vifibly of a greenifli Hire. Having 
edulcorated it, and heated it to rednefs, it changed its colour, 
as it loft its carbonic acid, to a blackifh gray, which however 
inclined evidently to a green. The water of edulco ration, 
‘which had a greenifh appearance, was evaporated to drynefs, 
and the refiduum, after being heated red hot, was wathed 
again. A green powder remained. Which did not lofe its co- 
lour in the fire, and confided in great part of arfeniate of 
nickel, 

I mixed each of the two refidmims feparatefy with a fifth 
part of charcoal, and expofed them to the heat of a potter's 
furnace for eighteen hours in a cupel with a little porcelain 
glaze. The metallic buttons obtained differed a little from 
each other. Each endured a few blows with a hammer withw 
out cracking; but that of the latter refiduum was much more 
while and fragile than that of the former, the colour of which 
approached that of fteel and was (lightly reddifh. They were 
both attacked with avidity by nitric acid, and they were at-. 
Iradled by the magnet, but the former only weakly. 

As from feveral effe&s on porcelain it appeared to me pro- 
bable, that pure nickel was a noble metal, I dillblved afrefh 
in nitric acid the whole quantity reduced, which amounted to 
feveral ounces, and evaporated the folution to drynefs. I then 
poured water on the feline mafs, and a beautiful green folution 
was formed ; but agreenith white refiduum remained, in which 
1 eafily detected the prefence of iron, nickel, and arfenic 
acid. 

The folution, which beiide arfenic, contained a confiderabfo 
portion of copper, was precipitated by carbonate of potafh, 
and the refiduum, the colour of which was ftill very lively, 
though not fo green as that of carbonate of copper, was well 
wafhed and expofed to a white heat. This changed its apple 
green colour to a deep green inclining to gray and brown. 
With a ftronger heat the mafs alfumed a grayer brown, and at 
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Hie fame time appeared to coagulate. There were like wife 
portions of reduced metal in it, that could not be miftaken* — 

I could not, however, accomplifh its fufion in a wind-furnace, Vciy refa&ory* 
fnrmounted with a cupel 1 at ing furnace dome, and having a 
long chimney* In confeqoence, I divided it into feveral por- 
tions, which I expofed in crucibles to the ftrongeft heat of a 
potter’s furnace, in which capfules of the moft refradory ©lay* 

•re frequently fattened. 

In thofe crucibles which were placed where the porcelain Fufed in the 
te longed taking, the matter had experienced no change but a 
coagulation* In the other crucibles it bad entered into com- nv., 
plete fufion, yet not into a liquid fufion, and the crucibles had 
partly experienced the fame effed. Here and there in the 
melted mafs metallic globules were found, the larged of which 
were the fize of a fmall nut, and the lead that of a cherry- 
flone. Their brilliancy was a mean between that of filver and 
that of Eng life tin. The fcoriae were greenitb brown, mixed Scoriae* 
with an amethyft colour, and in fame places a deep blue en- 
tirely like fafed oxide of cobalt. The brown colour arofe from 
the oxide of copper, which was completely vitrified, and the 
blue from that of cobalt. The green, on the contrary, pro. Arftntaa of 
ceeded from arfeniate of nickel, which, as I have learned by mckei * 
experience, ftrongly refills fufion, without the addition of 
fame combo ft ible fubftance* 

I attempted lo hammer the metallic globules on an anvil, The metal maU 
and to my great fatisfaftion I found that they pofiefled confider- 
able malleability. They were eagerly attra&ed by the mag- 
net. 4 ‘ 

As it was impoflible to feparate the fcorie with the hammer Re-fufioo* 
from the little globules to which they adhered, I collected 
them together by trituration and decantation, and expofed them 
to fufion afrefa. It was agahr complete only in the places of 
the furnace moft heated. 

Convinced from thefe refults, that nickel is reducible in the Redocod with* 
fire without the addition of any combuftible matter, I at- addi * 

tempted to reduce fame oxide of this metal, obtained by the 
decompofition of the triple ammoniacal felt of nickel, which 
during an uninterrupted labour of eighteen months, I had pro- 
cured in a very large quantity. On this occafion the fame phe- 
nomena occurred as in the preceding reductions. 

I repeated the melting till the metal had undergone a com- A button of aa 
plete fufion, and was found collected together in a button at l*™* tt T* ^ 

the 
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ON PUNK NICKEL* 

tbe bottom of the crucible. In one crucible which ' had beef) 
expofed to the firongefi heat, I obtained a button that weighed 
an ounce and a half. 

I was lefs fuccefsful in my fufion when I mixed the oxide of 
nickel with porcelain glaze, or when 1 Amply covered it with 
this glaze; fo that I was convinced the beft procefs was to re- 
duce the oxide of nickel directly. 

After much time and patience, I fucoeeded in obtaining (Se- 
veral ounces of nickel, which I mufi coniider as abfolutely 
pure, and I (hall now proceed to defcribe the principal cha- 
racters that I have perceived in it in this fiate. — To begin 
with the external characters. 

The colour of pure nickel is a mean between filver and tin. 

It undergoes no alteration either from the air of the atmof- 
phere or from the water in it : in other words it is infufceptible 
of being oxided by the air. 

It is perfedly malleable; as it may not only be forged into 
bars when red hot, but hammered on the anvil while cold into 
very thin plates. This character removes nickel from the clafs 
of femi-melals to that of perfeCt metals. 

Its denfity or fpecific gravity is pretty confiderable: from 
repeated experiments with my hidrometer caft nickel weighs 
8.279, and forged nickel 8.666. 

Its tenacity likewife appears confiderable, to judge from its 
great duCtilily. A piece of caft nickel, weighing five drams 
allowed itfelf to be flattened, but not without cracking, into 
a plate of 1 3 fquare inches Rhyuland meafure, which gives 
lefs than of an inch for its thicknefs. It might probably 
be drawn into a wire of the tame tenuity. 

The refi fiance of nickel to fufion is very confiderable, and 
equals, if it do not furpafs, that of roanganefe. The reader 
may have obferved, from my attempts to fufe it, how difficult 
it is to obtain any thing decifive on this head. 

At a temperature fufficieutly high the pure oxide of nickel 
is reducible without the addition of any combufiible matter. 
Its great refi fiance to fufion is the only caufe why this reduc- 
tion prefents fo many difficulties. Very little oxidation too is 
perceptible on keeping this metal in a fiate of incandefcence : 
it is gperely tarnilhed a little more than platina, gold, or filver. 
Nickel therefore belongs not to the clafs of perled metals 
merely, but to that of noble metals. 

The aCtion of the magnet on nickel is not only very oonfi- 
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durable, and little inferior to that on iron; but nickel become* 
itfeif magnetic*!, or acquires polarity, by the touch! and even 
in part by ftriking it with a hammer, or filing it, with the pre- 
cautions fuitable for producing this effect. I difeovered the 
latter property- by prefenting to the magnet a flip of forged 
nickel; when, notwithftanding it was poliflicd by the file, it 
adhered more feebly fo the magnet than other flips lefs poliftied ; 
but on my prefenting its other extremity to the magnet, it ad- 
hered to it with great force. It like wife at t rafted by either 
fide not only iron needles, but plates of nickel half an inch 
fqtiare, which it caufed to move about on a ftnoolh table. 

The property which nickel pofTefiTes of becoming magnetic * t8 magnetic 
is not deftroyed, though weakened by its alloy wdth copper; 
but arfenic deftroys it completely. I had frequent opportune- defhoyed by 
tie* of making this observation in the courfeof my experiments. Magnetic and 
Some nickel, from whiph I had feparated the iron* and the malleable in P m- 

arfenic in the humid wav, and which I had afterwards reduced V° n ' on t0 lU 
. . ' purity* 

with the addition of a combuftible fubfiance, was malleable, 

and atlrafted the magnet, though not fo forcibly as pure nickel. 

The fame metal, purified with lefs care, was lefs malleable, 
rod proportionally lefs attraftable by the magnet. Repeated 
expofure of the metal to the mod powerful heat of a porce- 
lain furnace did not in the leaf! reflore to it this property. — 

Some experiments, which I (hall hereafter relate, have con* Copper mail be 
vinced me, that copper cannot be entirely feparated from £^ r * lcd 
nickel in the humid way, and that the only means of feparat- 
ing them is to reduce the cupreous oxide of nickel by fire. 

The folphuric and muriatic acids have little aftion upon Aftion of the 
nickel. The oxide of this metal by the air does not diffolve *'^ c “ pon 
even in the latter of thefe acids without the affiftance of a 
firong ebullition. The mod appropriate fol vents of nickel are 
the nittic and nitro-muriatic acids. I have already mentioned, 
that impure nickel, particularly the cupreous is attacked by 
the nitric acid with heat and vivacity. The aftion of the fame 
acid on pure nickel is a little different, and particularly on the 

+ The feparation of the iron fucceeds bed by a rapid evaporation Bed mode of 
of the nitric folution of the ferruginous nickel, by which the iron f reein l lt 
k precipitated in the form of an intoluble oxide. At the fame time lwm * 
a little arfenic it feparated in union with the iron. It is preferable, 
however, to feparate the arfenic firft, which is efFe&ed by the help 
of a nitric folution of lead. The lead is afterward to be precipi- 
tated by a folution of fulphate of potaih. 

hammered 
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hammered metal 1 have poured nitric acid on nickel both Tn 
buttons and laminated, ex pe ding a very a&ive folution; but 
it has proceeded flowly, and I have even been obliged to bare 
recourfe to the heat of a fpirit lamp to accelerate it. Thedif- 
folutipo however having appeared to ceafe, 1 decanted the 
liquid and poured on the refiduum a frefh quantity of acid of 
the fame flrength as the preceding, when on a fodden fuch a 
briik action came on, accompanied with the evolution of heat 
that I could not remove the capfule to the fire-place quickly . 
enough. 

I (hall now go on to condder forae of the chara&ers of pure 
nickel in the (late of oxidation. A 

Cfcara&ers i»f The nitric folution of pure nickel has a beautiful grafs-green 
otUfc of n»ckcl. co | our# Carbonate of potato feparates from it a pale apple 
Precipitate very green precipitate. This precipitate well wathed and dried 
is very light. A thoufand parts of metallic nickel reduced to 
this precipitate weigh 2,927 parts. 

If this precipitate be expofed to a white heat it becomes of 
a blackith gray, fcarcely inclining to green, and weighing 
onty 1 ,2S 5. On continuing the fire, the mafs approaches the 
metallic (late more and more, and becomes magnetic. This is 
effected much more fpeedily if the oxide be moiftened with a 
little oil. 

On adding cauftic ammonia in excels to a nitric folution of 
nickel, a precipitate is formed, refembling in colour ammoni- 
ure of copper, but not fo deep. This colour fomelimes 
changes in a couple of hours to tin araethyft red, and to a vi- 
olet, which colours aj:e converted inlo^ an apple-green on the 
addition of an acid, and again to a blue and violet on the ad- 
dition of ammonia. If however *we add to the folution of 
nickel a folution of copper, fo as to produce no perceptible 
change, the colour of the precipitate formed by ammonia 
ceafe s to aflumea red tinge, and the red colour of (be ammo* 
nture of nickel difappears on (he addition of a little ammoni- 
um of copper y whence it follows, that every precipitate of 
nickel by ammonia, which retains its blue colour, has copper 
^xadbaned with vt. 


Oil promotes 
ks reduction. 

Precipitate by 

ammonia. 


Its being a noble * From this it is difficult to believe .that nkfatl, tmdar fames* 
metal ^ueftion- able circum fiances, would not become xidedby the combined ia« 
^ fiuence of air and fire. Yah Mo»i, 
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On the Analyfis of Soils, as connt&cd with their Improvement, 

• By HuMrMRKT Davy, Efq. F. R . $• Prqftffnr qf Chemifiry 
to the Board of Agriculture and to the Royal limitation. 

I. Utility qf Invejligation relating to the Analyfis of Soils. 

The methods of improving lands art immediately conne&ed 
with the knowledge of the chemical naturt of foils, and ex- 
‘periraents on their compodlion appear capable of many ufeful 
‘applications. 

The importance of this fubjeft has been already felt by fome Analyfis of 
Very able cultivators of fcience ; many ufeful fads and obfer- jJ[^ n<laA 
vations with regard to it have been furnithed by Mr. Young ; Young, Lord 
it has been examined by Lord Dundonald, in his treatife on Kirwanl 0 * 
'the connexion of Chemiftry with Agriculture, and by Mr. 

Kirwan in his excellent eflay on Manures: but the enquiry is 
'Hill far from being exhauded, and new methods of elucidating 
it are almoft continually offered, in confequence of the rapid 
progrefs of chemical difcovery. 

* In the following pages I (hall have the honour of laying 
before the Board, an account of thofe methods of analyfing 
toils which appear moft precife and firaple, and mod likely to 
to be ufeful to the pra&iral farmer ; they are founded partly 
*tipori the labours of the gentlemen, whofe names have been 
juft mentioned, find partly upon fome later improvements. 

XL Qf the Subfiances found in Soils . 

The fubftances which are found in foils, are certain mixtures Soils contain 
or combinations of fome of the primitive earths, animal and 
vegetable matter in a decoropofing date, certain faline com- remains, feline 
pounds, and the oxide of iron. Thefe bodies always retain 
Water, and exid in very different proportions in different lands • 
and the end of analytical experiments is the detection of their 
quantities and mode of union. 

The earths found in common foils are principally filex or 
the earth of flints, alumina or the pure matter of clay, lime, 
or calcareous earth, and magneda. 

Siler, or the earth of flints, when perfedly pure, appears in Silt*# 
the form of a white powder, which is incombuftible, infufibie, 
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xnfoluble in water* and not aded upon by common acids; it is the 
fubftance which conftitutes ifie principal part of rock chryftalg 
it compotes a confiderable part of hard gravelly foils, of hard 
dandy foils, and of hard Gony lands. 

V Alumine, or puretlay/*in its perfed (fate is white ilex 5 
it adhem«ftrQnglyJbki)4'40hgtie, is iftcorabuGibte; infohibte in 
water, but foluble ip acids, and in fixed sylkalipe menfinuu- 
It abounds mod in clayey foils and clayey loanrts; but even in 
Miq fmalleftparfides of. thefe foils His ufually united to fctex 
and oxide of iron, f „ 

. •' r m v> s . i' i, ff 1 ■ - * , • 

Lime is the^ fubfianpe well known in its pure ft^fe under the 
name of quicklime. it always exifls in foils in combination 
. and that principally w^ fixed air or carbonic upid, when it is 
called carbonate of lime;, a fubftance which. ip fhe/moft cony 
f pad form, conftitutes .^rbJe^ and in ifs Joofcr form chaliy 
Lime^ when combined with iulphuric acid (oil of vituql), prey 
duces ,fulphate of lime ,(gypfum), and wjlh ( pbpfphorjcacid, 
phofpbafe ofliiqe. Jh e carbonate of lime, sqixedwith other 
fub fiances, com poles chalky foils and marie?*. &ud it is fbun^ 

} D r ° ft fand y foiIs - Z: ra . 

'A dagnejla, when pure, appears as wh}te f(j ^d in a lighter 
powder, than any qf the other earths^ it is,foJuble in acid, 
but not in alkaline menflrua 5 it is rafely^fpu^din foils; when 
it does exift, it is eithef jn combination fJ with earhook?, acid, 

or with (ilex and aludiine. 

. Animal decompnfing waltcf exifis in very different Gates, , ac- 
cording as the fubftances fropi which if is prqducpd.fue differ* 
ent ; ft contains much carbonaceous fubGance, and may be 
principally refblved beat into lliisVfubftaoCe, Volatile alkali, 
inflammable aeriform produds, and carbopic acid ; jt is prin- 
cipally found in lands that have been lately xpanured. , 
Vegetable decomp ofwg matter is likewife very various in .kind, 
tm it contains ufually inore carbonaceous fubftapcc tbjsn animal 
. matter, and differs from it in the refult? of .its, decpmpofitiqu 
principally in not producing* volatile alkali; it forms a great 
£rbf>ortibn of all peats; it abound s io ( rich mould, and is found 
in larger pr fmaller quantities in all lapcjfy 

the faline compounds found in foils afe very few^ and in 
quantities fo fmall, that they are rarely to^ be difeovered. 
They are principally muriate of Tfoda (^o^rpqn fait), fulphate 
of magnefia (Epfom fall), and rouriatp ^pd fi?Jph$Ue of potash, 
nitrate of lime, and the mild alkalies. 
v the 
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‘The oxide of tronh the fame with the ruff produced by Oxide of iron, 
expofing iron to the air and water ; it is found in all foils, but 
is moft abundant in yello# and'red clays, and in yellow and 
fed filiceous fahds. ’ 

A more minute account of Ihefe different fubftances woul J 
be incompatible with the object of this paper. A full de- 
feription of their properties amd agencies may be found in the 
elementary books on fchemiftry, and particularly in the Syftem of 
Chemiftry by Dr. Thomfon (2d Ed.) ; and in Henry’s Epitome 
of Chemiftry. * 

III. Jnftrwfients required for ike Analyfis qf Soils. 

The really important inftruments required for the analyfis'inftnimentsfor 

df foils are few* and but little expend ve. They are a balance A 

, - - . . r r , i A -, .lance, wights* 

capable of containing a quarter of a pound of common foil, fi CTe> ump f 

and capable of turning when loaded, with a strain ; a feries bottles, cn »- 

df weights from a quarter of a pound Troy to a gram; a wire , nd mortar> 

fieve, fufficienfty coarfe “to admit a pepper corn through itsf filters, knife, ' 

apertures ; an Argand lamp and ftand ; fome glafs bottles ; lpp# *° r ***“• 

Heffian crucibles ; porcelain, or queen’s ware evaporating 

fcafons ; a Wedge wood peftle and mortar; fome filters made 

of half a (heel of blotting paper, folded fo as |o contain a 

pint of liquid, and greafed at the edges ; a bone knife, and 

An apparatus for colleding and meafuring aeriform’ fluids. 

v The chemical fubftances or reagents required for feparating R e .agentt. 

the couftiluent parts of the foil, are muriatic acid (fpirit of Mur. and fulp. 

lak), fuiphoric acid, pure Volatile alkali dilTolved in wafer, 

folution of pruftvate of potato, foap lye, folution of carbonate lye, caib. amm. 

Of ammoniac, of muriate of ammonia, folution of neutral car- mu . r * 

caro. pot. 

bonate of potato, and nitrate of ammoniac. An account of oicr. amm. 
the nature of thefe bodies, and their effects, may be fbUnd 
in the chemical works aheady noticed ; and the reagehts are 
ibid together with the inftruments mentioned above, by Mr. 

Knight, Fofter Lane, Cheapfide, arranged in an appropriate 
cfaeft. 

IV. Mode qf colle&ing Soils for Analyfis. 

In cafes when the general nature of the foil of a field is to How fsmples of 
be ascertained, fpecimens of it toould be taken from different 
places, two or three inches below the furface, and examined 
as to the fimilarity of their properties. It fometimes happens, 
that upon plains the whole of the upper ftratum of the land is 
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of ihe fame kind, and in this cafe, one analyfis will be firiR* 
cient ; but in vallies, and near the beds of rivers, there are 
very great differences, and it now and then occurs that one 
part of a field is calcareous, and another part filiceous ; ends 
in this cafe, and in analogous cafes, the portions different 
from each other flioutd be feparately fubmitted to experiment* 
Soils when collected, if they cannot be immediately ex-* 
amined, fhould be preferved in phials quite filled with them# 
and cl o fed with ground glafs Hoppers. 

The quantity of foil mod convenient for a perfe& analyfis*. 
is from two or four hundred grains. It fhould be colle&ed in 
dry weather, and expofed to the atmofphere till it becomes dry 
to the touch. 

The fpecific gravity of a foil, or the relation of its weight 
to that of water, may be afcerlained by introducing into x 
phial, which will contain a known quantity of water# equal 
volumes of water and of foil, and this may be eafily done by 
pouring in water till it is half full, and then adding the foil 
till the fluid rifes to the mouth ; the difference between the 
weight of the foil and that of the wafer, will give therefult. 
Thus if the bottle contains four hundred grains of water,, and 
gains two hundred grains when half filled with water and half 
with foil, the fpecific gravity of the foil will be % that, is, it 
will be twice as heavy as water, and if it gained ope, hundred 
, and fixty-five grains, its fpecific gravity would be water 
being 1000. 

«, of importance It is of importance, that the fpecific gravity of foil fhould 
be known, as it affords^ an indication of the quantity of animal 
and vegetable matter ii contains; thefe fubffanco* being^way* 
moH abundant in the lighter foils. . , 

The other phyfical properties of foils (hould likewise Jfie ex- 
amined before the analylis is made, as they denote, to a cer- 
tain extent, their compofition, and ferve as guides in ditodlipg 
the experiments. Thus filiceous foils are generally rpugh to 
the touch, and fcratch glafs when rubbed upou it ; alumfoou* 
foils adhere firongly to the tongue, qnd qmit a ftrpng , Earthy 
fmell when breathed on; and calcareous foils ,are fpft, and 
much Icfs adhefive than aluminous foils# . , 
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V. Mode of afcertaining the Quantity of Water of Abjbrption 

in Soils. 

Soils, though as dry as they can he made by continued ex- Evaporation of 
pofure to air, in all cafes ffill contain a confiderable quantity lhe 
of water, which adheres with great obftinacy to the earths and k/quintU^o" 
animal and vegetable matter, and can only be driven off fropi foils, 
them by a confiderable degree of heat. The firft procefs of 
analyfis is, to free the given weight of foil from as much of 
tfiia water as polfible, without in other refpe$s, affecting ju 
compofition ; and this may be done by heating it for ten or 
twelve minutes over an Argand’s lamp, in a bafon of porce- 
lain, to a temperature equal to S00 * Fahrenheit ; and in cate 
a thermometer is not ufed, the proper degree may be eafily 
afcertained, by keeping a piece of wood in contact with the 
bottom of the di(h # ; as long as the colour of the wood remains 
i}n*ltered 9 tlje hpat is not too high; but when the wood begins 
to be charred, the procefs muff be flopped, A final! quantity 
of water will perhaps remqiq in the foil even after this opera- 
tion, but it always affords ufeful comparative refults j and if a 
higher temperature were employed, the vegetable or animal 
matter would undergo decompofltion, and in cqnfequenee the 
experiment be wholly unfatisfk&ory. 

The lofs of weight in the procefs fhould be carefully noted. One eighth it 
and when in four hundred grains of foil it reaches as high ?s 40 extreme pro* 
50, the foil may be confidered as in the greatefl degree abfor- p * rtlon# 
bent , and retentive of water, and will generally be found to 
contain a large proportion of aluminous earth. When the lofs 
js only from 20 to 10, tbe land may be confidered as only 
(lightly abfor bent and retentive, and Lhe filicious earth as moft 
abqndant. 

VI. Qf the Separation qf Slones, Gravel, and vegetable Fibres 

from Sails. 

None of the loofe (tones, gravel, or large vegetable fibres Stones, &c. to 
(hould be divided from the pure foil till after the water is drgwn be fe P"*tcd af- 
off$ for thefe bodies are themfelves often tyghjy abforbent and jJi,* C 
relentive, and inconsequence influence the fertility of the land. 

* In fevers! experiments, in which this procefs has been carried 
on by diftillation, I have found the water that came over pure, and 
no fenfible quantity of other volatile matter was produced. 

- The 
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The next procefs, however, after that of heating, fcould lie 
their fepafation, which may be eafily accomplilbed by the 
fieve, after the foil has been gently bruifed in a mortar. The 
weights of the vegetable fibres or wood, and of the gravel 
and ftones fhould be feparately noted down, and the nature 
of the laft afcertained; if calcareous, they will effervefce with 
acids ; if filiceous, they will be fufficiently hard to fcratch 
glafs ; and if of the common aluminous clafs of ftones, they 
will be foft, eafily fcratched with a knife, and incapable of 
effervefcing wiih acids. 

VII. Separation qf the Sand and Clay, or Loam, from each 

other . 

Sand, day, and The greater number of foils, betides gravel and ftones, con- 
from cach*other * a * n * ar S er or ^ ma ^ er proportions of fand of different degrees 
by elotriation. of finenefs ; and it is a neceflary operation, the next in the 
procefs of analyfis, to detach them from the parts in a ftate 
of more minute divifion, fuch as clay, loam, marie, and ve- 
getable and animal matter. This may be effedted in a way 
fufficiently accurate, by agitation of the foil in water. In this 
cafe, the coarfe fand will generally feparate in a minute, and 
the finer in two or three minutes, whilft the minutely divided 
earthy, animal, or vegetable matter will remain in a ftate Of 
mechanical fufpenfion for a much longer time ; fo that by 
pouring the water from the bottom of the veffel, after one, 
two, or three minutes, the fand will be principally feparated 
from the other fubftances, which, with the water containing 
them, muft be poured into a filter, and after lh& water has 
paffed through, collected, dried and weighed. The fand muft 
likewife be weighed, and their refpedtive quantities noted 
down. The water of lixiviation muft be preferved, as it 
will be found to contain the faline matter, and the foluble 
animal or vegetable matters, if any exift in the foil. 

VIII. Examination of the Sand . 

The find ftps- By the procefs of wafhingand filtration, the foil is feparated 

ceoui iLnd calca- ,n *° two P ort ' ons » the rao ^ important of which is generally the 
rcoui. finely divided matter. A minute analyfis of the fand is feldom 

or never neceflary, and its nature may be detedied in the fame 
'manner as that of the ftones or gravel. It is always either 
fiiicious (and, of calcareous (and, or a mixture of both. If it 

confifts 
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cOrtfirtsWtrolly of' carbonate of fitae, ’H Witfbe rapid?/ foluble 
m muriatic acid* wlfh fcflfervefcenCe; but if it confift partly of 
this fabftariee, and partly of filkeous matter, the refpe&ive' 
quantities may be afcertained by weighing the refiduum after' 
thea&ion of the acid, which mfuft be applied till the mixture 
has acquired a fotor tafte, and* has ceafed to efFervefce. Thi^ 
refiduum is the filicious part : it mufl be wafhed, dried, and 
heated ftrongly in a crucible; the difference between the weight 
of it and the weight of the whole, indicates the proportion of 
calcareous fand. 

IX. Examination of the finely divided Matter of Soils, and Mode 

of deleting nuUL Lime and Magnqfia. * 

» 

The finely divided matter of the foil is ufually very compound The finely <fi- 
Hi its nature; it fometimes contains all the four primitive earths ^ eate ^ atter 
of foils, as well as animal and vegetable matter; and to afcer- 
tain the proportions of thefe with tolerable accuracy, is themoft 
difficult part of the fubjedh 

The firft procefs to be performed, in this part of the analyfis, Muriatic acid 
is the expofure of the fine matter of the foil to the affion of the 
muriatic acid. This fubftance fhould be poured upon the earthy iron, 
matter in an evaporating bafon, in a quantity equal to twice 
the weight of the earthy matter ; but diluted with double its 
volume of Water. The mixture fhould be often flirred, andf 
buffered to remain for an hour or an hour and a half before it is 
examined. 

- If any carbonate of lime or of magnefia exift in the foil, 
they will hkve been diffolved in this time by the acid, which 
fometimes takes up Tike wife a little oxhle of iron ; but very 
feldorn any alumine. ' 

The fluid fhould be pafTed through a filler ; the folid matter Prccip. ofiron 
collected, wafhed with rain water, dried at a moderate heat, 
and weighed. Its lofs will denote the quantity of folid matter 1 

taken up. The wafhings muff be added to the folution, which 
if not four to the ta fie, mlifl be made fo by the addition of frefh* 
acid, when a littfe folution of common prufiiate of potafh mufl 
be mixed with the whole. If a blue precipitate occurs, it de- 
notes the prefence of oxide of iron, and the folution of the 
pruffiate mtift be dropped in till no farther effe& is produced. 

To ascertain its’ quantity, it mud be collected in the fairre* 
manner as other folid precipitates, and heated red; the refult 
iioxide 6£ iron* 

Into 
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and earth, b y Into the (laid freed from oxide of iron* a (elation of neo- 

tralized carbonate of potato mufi be poured till all efiervefoence 
ceafes in it, and till its tafie and fmell indicate a coo fide rable 
excefs of alkaline fait. 

The precipitate that falls down is carbonate of lime ; it 
mud be cdleded on the filter* and dried at a heat below that 
of rednefs. 

The remaining fluid muft be boiled for a quarter of an hour, 
when the magnefia, if any ex id, will be precipitated from 
it* combined with carbonic acid, and its quantity is to be. 
ascertained in the lame manner as that of the carbonate of 


Alanine if If any minate proportion of ahmiiie fhouk), from peculiar 
ta ^ c0 up * circumdaoces, be dtdblved by the acid, it will be found in 
the precipitate with the carbonate of lime, and it may be 
feparated from it by boiling for a few minutes with foap lye, 
fufficient to cover the folk! matter. This fubdance diflblvet 
alumina, without a&ing upon carbonate of lime. 

Cwbooate of Should the finely divided foil be fuficiently calcareous to 
may bccfS mated e *f erve ke very drongly with acids, a very Ample method may 
by the quantity be adopted for sice rtaining the quantity of carbonate of lime, 
of carbonic acid, fufficienUy accurate in all common cafes. 

Carbonate of lime, in all its dates contains a determinate 
proportion of carbonic acid, u c. about 45 per cent* fo that 
when the quantity of this eladic fluid, given out by any foil 
during the folution of its calcareous matter in an acid is known, 
either in weight or meafure, the quantity of carbonate of lime 
may be eafily di (covered. 

When the procefs by diminution of weight is employed, two 
parts of the acid and one part of the matter of the foil mud 
be weighed in two feparate bottles, ' and very flowly mixed 
together till the eflervefcence ceafes j the difference between 
their weight before and after the experiment, denotes the 
quantity of carbonic acid lofl ; for every four grates and a half 
of which, ten grains of carbonate of time hmft be edimated. 

* The bed method of coile&ifig 4he carbonic aeid, fo as to 
difcover.sU volume, is by tbe pneumatic apparatus, the con* 
dru&iotLand application of which is defcribed at the end* of 
this paper. The ediumtion is^ for every 1 ounce meafure of 
carbonic acid, two grains of carbom&e of lime* 

X. Modi 
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Mqdeof appertaining tlie Quantity qf injbluble finely divided 
Animal and Vegetable Matter . 

After the fine matter of the foil has been a&ed upon by .Ignition in an 
muriatic acid, the next procefc is to ascertain the quantity of dcftroys^gc- 
fipely divided infoluWe animal and vegetable mailer that it table and e nin a t 
contains. matter*. 

This may be done with fuftioient precifton, Jby beating it to 
ftrong ignition in a crucible over a common fire till* no Mack* 
nefs remains in the mats. It fhould be often ftirted with a 
metallic wire, io as to expofc new furiaees continually to the 
air ; the lofs of weight that it undergoes denotes the quantity 
of the fubftance that it contains deftru&ble by firn and air. > 

It is not poflible to afeertain whether this fubftanoe is wholly 
animal or vegetable matter, or a mixture of both. When the 
ffnell emitted during the incineration is fimilar to that-of burnt 
feathers, it is a certain indication of fome animal matter 3 „ Vf p. 

and a copious blue dame at the time of ignition, aim oft always wb Ic. 
denotes a considerable proportion of vegetable mailer. In 
cafes when the experiment is needed to be very quickly per- 
formed, thn deftru&ien of the dpcotapofible fiihftaqce* may 
be afiified by the agency of nitrate of ammoniac, which at the 
time* , of jgtyUon may be thrown gradually apon the heated 
mafr in li^e quantity of twenty grains for every hundred of 
reijdqel foil. It afEprds the principle neceflary tothecombef. 
tioq of th e animal and vegetable matter, which it eaufes to be 
converted into elailic fluids 3 and it is itfelf at ; the fame time 
decomposed and loft. - 

XI- Mode of feparating aluminout andfiUcious Matter 
and Oxide qf Iron . 

The fubftances remaining after the deeompofition of the 
vegetable and animal matter, are generally minute particles uSasktoof 
of earthy matter, containing ufitally alumine and filex wph uoa fcpw*s h . 
combined oxide of iron. 

To feparate .tbfefe from pach ether, the Colid matter thould 
be boiled for twp or three hours with fulphuric acid, dildted 
with four. times its weight of water 3 the quantity of the 
acid toqvld .be regulated by the quantity of lolui cefidtium Djl** h l y hik 
to be aded oD, sllowingA)r eiery hundrgdgrSu^dWodradm»s ^ MHL ** 

Of one hundred and twenty grains of acid. 

The 
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The fubdance remaining after the a&ion of the acjd, may 
be confidered as filicious ; and it mud be feparated and it* 
weight afcertainetf, after waihing and drying in the ufual 
< manner* 

Carbonate of The alumine and the oxide of iron, if they exift, are both 
^j^^^^dinWved by the ftiiphnrib acid ; they may be feparated by 
mkm carbonate of ammoniac, added to excefs ; it throws down the 

alumine, and leaves the oxide of iron in rotation*- and this 
fubdance may be feparated from the liquid by boiling. 

Should any magnefia amd lime have e leaped fetation in the 
muriatic acid, they will be found in the fulphuric acid ; this, 
however, is (carcely ever the cafe; but the procefs for 
deleting them and afcertaining their quantities, is the lame 
in both inftances. 

Mote accurate • The method of analyfis by fulphuric acid, is fufficiently 
**•*•*• precife for all ufual experiments ; but if very great accuracy 

be an object, dry carbonate of potalh muff be employed as 
the agent, and the refiduum of the incineration mud be heated 
red for half an hour, with four times its weight of this fub- 
dance, in a crucible of diver, or of well baked porcelain* 
The mafs obtained mud be didblved in muriatic acid, and tbe 
fetation evaporated till it is nearly folid ; didilled water mud 
then be added, by which the oxide of iron and all the earths, 
except filex, will be didblved in combination as muriates. 
The filex, after the ufual procefs of lixiviation, mud be heated 
red ; the other fubdances may be feparated in the fame 
manner as from tire muriatic and fulphuric rotations. 

This procefs is the one ufually employed by chemical phta 
lofophers for the analyfis of dones. 


XII. Mode of difcovering foluble Animal and Vegetable 
Matter , and Saline Mutter . 

If any fafine matter, or foluble vegetable or animal matter, 
i» water* * ‘ fo fufpeiffed in the foil, it will be found in the water of lixivia- 

tion ufed for fepafating the fand. 

* This water mud be evaporated to drynefs in an appropriate 
difli, at a heat below its boiling point. 

If the folid matter obtained i^ of a brown colour and indam - 
* mable, it may be confidered as partly vegetable extra#. If 

.* *• its fmelf, when expcfed to' heat, be ftrong and fetid, it 

contains animal mucitagtnOfis 6r gelatinous Tubdance ; ‘ if it be 

while 
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white and tranfparent, it (nay be considered as prtnctpaMf 
faiine matter. Nitrate of pptaih (nitre) or, nitrate of lime,* 
is indicated • in this faiine matter, by its fci collating wkh a 
burning coal. Sulphate of magnefia may be detected by its 
bitter tafte; and fulphate of polalh produces no alteration in 
Colution of carbonate of ammoniac, but precipitates foiution 
of muriate of barytes. > 

i 

XIII. Mode qf deteding Sulphate qf Lime (GypfumJ qnd j 
Phojphatc of Lime in Soils. 

Should-fulphate of phofphate of lime be fafpe&fcd inr the Sulphate of 
entire foil, the detection of them requires a particular procefs Lunc * 
upon it. A given weight of it, for inftance four hundred 
grains, mu ft be heated red for half an hour in a crucible, 
mixed with one-third of pondered charcoal. The mixture 
muft be boiled for a quarter of an hour, in a half pint of 
water, and the fluid collected through the filter, and expofed 1 

for fome days to the atmofphere in an open veflel. If any 
foluble quantity of fulphate of lime (gypfum) exifted in the 
foil, a white precipitate will gradually form in the fluid, and 
the weight of it will indreate the' proportion. 

Phofphate of lime,' if any'exift, may be feparated from (he Phofphate of 
foil after the procefs for gypfum. Muriatic acid muft be limc * 
digefted upon the foil, in quantity more than fufficient to 
faturate the foluble earths ; the foiution muft be evaporated, 
and water poured upon fhe folid matter.* This fluid will dif. 
folve the compounds of earths witfi the muriatic acid, and 
leave the phofphate of lime untouched. 

It would not fall within the limits aftigned to this paper, to 
detail any proceftes for the deletion of fubftances which may 
be accidentally mixed with the matters of foils. Manganefe 
is now and then found in them, and compounds of the barytic 
earth ; bpl thefe bodies appear to bear little relation to fertility 
or barrennefe, and thefearchfor them would make the analytic 
fnuch more complicated without rendering it tnoreufeful. 

XIV. Statement qf Hefulis and Produ&s. 

When tbe examination of a foil is compleated, the produ&s Produ&s ftited. 
Should be clafled, and their quantities added together, and if 
they nearly equal the original quantity of foil, the analyfis 
may be confidered as accurate. It muft, however, be noticed, 

3 that 
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that when phofphate or folphate of lime are difeovered by the 
independent procefs XIII. a corre&ion mud be made for the 
general procefs, by fubtra&ing a (am equal to their weight 
from the quantity of carbonate of lime, obtained by precipi- 
tation from the muriatic acid. 

In arranging: the prodnas, the form fboald be in the order 
of the experiments by which they were obtained. 

Thus 400 grains v£ a good filicious Tandy foil may be fqp- 
pofed to contain 

• ‘ % Grabs, 

pf water of abforption « . * - ^ 18 

Of loofe ftone* and gravel principally filicioas ♦ 4*2 

Of und^copi pounded vegetable fibres, - w 10 . 
Of fine (ilicious (and . a • - - . 1200 

Of minutely divided npdter feparafced by fillmtiwa 
and confining of 

Carbonate of lime - * * 25 

(Carbonate of magnefia - «, - 4 

Matter deftrydible by heat, principally we, 
getable - . . 10 

Silex - - „ . . 4 Q . 

Alumine . . • - 32 

Oxide of iron - . . „ 4 

Soluble matter, principally fulphate of potr 
a(h and vegetable extrad - 5. 

Gypfura - . , . 3. 

Pholphate of lime - - n 2 

r^m 125 

Amount of all the products 305 

Lofs • - - 5 

In tfass infiance the !ofi is fuppofed fmal! ; but in general,* in 
adual experiments, it will be found much greater, in con- 
fequenpeof the difficulty of collecting the whole quantities of 
the (fifierent precipitates ; and when it is within thirty ^br 
four hundred grafav there is no rCafon to fufpeCt any want of 
due precifion in the proceffes. 

XV il <# may inmopy &r/& 

, f! , : k v - • > 

StapiiScatioo, When; the experimenter become acquainted with : tfre ufe 
°f difrei^iiairumtntii 4he proper tier of the reagents, 

and 
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and the relations between the external and chemical qualities 
of foils, he will feldom find it necefiary to perform, in any 
one cafe, all the procefles that have been deter ibed. When 
bis foil, for inflance, contains no notable proportion of cal- 
careous , matter, the adion of the muriatic acid IX. may be 
omitted. In examining peat foils, he wilt principally have to 
attend to the operation by fire and air X. ; arid in the<ana)yfis 
of chalks and loams, he will often be able to omit tbe ex- 
periment by fulphuric acid XI, 

In the firft trials that are made by per fons unacquainted 
with chemifiry, they mad not expeA much predfion of refult* 

Many difficulties wiH be met with; but in overcoming them* 
the mod ufeful kind of practical knowledge will be obtained ; 
and nothing is fo inftro&ive in experimental fcieUce, as the 
deletion of miftakes. The corred anal)- ft ought to be well 
grounded in chemical information ; hut perhaps there is no 
better mode of gaining it, than that of attempting original 
inveftigations, In purfuing his experiments, he will be con- 
tinually obliged to learn from books, the hjftory of the fub- 
fiances he is employing or ading upon ; and his theoretical 
ideas will be more valuable in being connected with pradical 
operation, and acquired for the purpofe of difeovery, 

XVI, On the Improvement qf Soil*, a* cdrmc&ted with the 
Principle qf their Competition* 

- In cafes when a barren foil is examined with a view to * ** 
improvement, it ought in all cafes, if poffible, to be compared known com- 
with an extremely fertile foil in the fame neighbourhood, and polk'** of fa* 
in a fimilar fituation: the difference given by their analyte* * enIe 
would indicate the methods of cultivation ; and thus the plan 
pf improvement would be founded upon aocnrale Scientific 
principles. 

If the fertile foil contained a large quantity of land, in pro*, 
portion to the barren foil, the procefs of amelioration would 
depend fimply upon a fupply of this fobfiance ; and the method 
would be equally firople with regard to foils deficient in day * 
or calcareous matter. 

In the application of clay, tend, loafrn, marie, or chalk to 
lands, there are no particular chemical principles to be ob- 
fcrved ; bqt iy hen qpick U»e iiuted,greetcarerouft be taken 
that it is pot obtained from the amguefian bawfiafit ; far in 

- this 
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this bafe, as has beenfhcwTrby Mr„ Tentrtirf, ■ 
ly injurious to land *. Tbefnbgnetianlinleftone may ber 
diftinguitlied fromthe common limefteoe by its greater tmrtfc 
ncfe, andbytfie length of time tbat rt requires for its fohi- 
to'dn macifti, 'and it may be anahpfed by the prOceft for carbo* 
nateof lime end magnefia IX; t 

When the analytical comparffon4n$cate* an excels of vege- 
t&ble * matter* as the caufe of flbrllity; it may be deftroyed 
by much pulverization and e*pdTdre to any fey paring and 
fturinmg, or the agency of' lately made quicklime/ And the 
dfefe& of animal and' vegetable Swatter mu ft be fopplied by 
animal or vegetable manure/ : ’ 

XVII. i Sterile Smk m different Climates and Situations muff 
differ in CvmpqjUion. .<r\ 

Different cH. < The general indications of ferfflity and barrenndfs, as found 
chxumftancejT* ^ cfeemittl ’ experiments, vMi neceflatfly differ -m different 
tequire different climates, and under different tiftcumftances. The power of 
Itttilie ^ to moifture; a principle eflfential to 1 their prodOdHve/ 

rtefs, ought to be much greater* in warm ahd J dty ebuntries, 
tfoaiv in hol'd abd moift ones ; atfd the quantity of frne aiWminous 
earth they contain larger* JSeils likewife that are' fit ua ted 
on declivities^ ought to be more abforbent than thpfe t in the 
famb clirtiktb on plains or in valleys f. The pro'duaivenefs of 
foils muft likewife be influenced by the nature of the fubfoil, 
'* or the earthy or ftody ftrata on which they reft; and this cir- 
cu mil a nee ought to be particularly attended to, in considering 
their Chemical nature, and the fyfteito of improvement. Thu* 
a faddy foil may fometimes owS: its fertility to the power of 
the fubfoil to ietain water; and. an abforbent clayey foil may 
occasionally be. prevented from being barren, in a moift climate^ 
by the influence of a fubflralum of fund or gravel, 
i / ' . t 

XVIII. Of the chemical Coin pofit ion of fertile Corn Spils in the 
, - . . Climate , 

Aaual conpofi* Thofe foils that are raoft produ&tve of corn, contain always 
fed khT* certa * n proportions of aluminous and calcareous earth in a, 
1 *' finely divided dfate, and a certaip quantity of vegetable or 
animal matter* r : < 

* Phil. Tranfa&kms for \ 199, p. 305. *ThW limeftcmt is found 
abundantly m York (hire, Derby (hire/ end Stmerferihire. 
f Kirwan.Tranf. Irifli Academy, Vol. V. p. 175. 
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The quantify of caieareoasearthJs however very various, 
pnd in , fome, cafes exceedingly fmall. A »«y fertile corn fott 
from Orraifton in Eaft Lothian afforded me in an hundred 

parts, only eleven parts of mild calcareous earth ; it con- 
tained twenty-five parts of filicious fand ; the finely divided 
clay amounted to forty-five parts. It lod nine in decompofed 
animal and vegetable matter, and four in water, and afforded 
indications of a (mall quantity of pholphate of lime. 

This foil was of a very fine texture/ and contained very few 
dones or vegetable fibres. It is not unlikely that its fertility 
was in fome nrcafure connected with the phofphate; for this 
fubdanceds found in wheat, oats, and barley, and may be a 
part of their food. 

A foil from the low lands of Somerfetfhire, celebrated for 
producing excellent crops of wheat and beans without manure, 

I found to conlid of one-ninth of fand, chiefly filicious, and 
eight-ninths of calcareous marie tinged with iron, and contain- 
ing about five parts in the hundred of vegetable matter. I 
could not deted in it any pholphate or fulphate of lime, fo 
that its fertility mud have depended principally upon its 
power of attrading principles of vegetable nourilhment from 
water and (heatmofphere # . 

Mr. Tiilet, in fome experiments made on the compofilion 
of foils at Paris, found that a foil compofed of three-eighths 
of clay, two-cighths of river fand, and three-eighths of the 
parings of liraedone, was very proper for wheat. 

XIX. Of the Compofition of Soils proper for bulbous Roots 
, , andfyr Traces. , . . , . 

. In general, bulbous roots require a foil much more Tandy, Soils proper for 
end lefs abforbeet.than the grades, . A very good potetoe foil,’ ^ b ^ J roou 
from Varfel in Cornwall# afforded me feven-eighthsof filicious 
feed ; and its abfosbent power was fo. finally that one hundred 
parts loft only two by drying at 400 Fahrenheit, * 

Plants and trees, the roots of which are fibrous and hard, 
and capabI^>of penetrating deep into the earth, will vegetate 
to advantage in almoft all common foils, which are moderately 
•dry, and which\io not contain a, very great eaoefs of? vege- 
table matter. 

♦.This foil was fent to me by T. Poole, Efq. of Nether Stowey. 

It is near the opening of the river Parret into the Britifli Channel i 
but, I afii fold, is never overflowed, 

i I found 
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Soils rendered 
fertile by chang- 
ing the compofi- 
tion of the 
earthy parts, 
me more per- 
manent than 
manured (oils. 


Apparatus for 
(xperineaO* 


I found the foil t aken from a field at Sheffield*pYaee in Saffiex, 
remarkable for producing flourifhing oaks, to confift of fix 
parts of kad, and ooe part of clay and finely divided matter. 
And one hundred parts of' the entire foil fubmitted to analyfis* 
produced 

Pam. 

Water - - - - - S 

Silex - - - 54 

Alumine - - • • - 28 

Carbonate of lime - . - - 5 

Oxide of iron • - • - 5 

Decom poling vegetable matter • 4 

Lofs 5 

XX. Advantages qf Improvements made by changing the Comm 
pofition qf the earthy Parts qf Soils. 

From the great difference of the caufes that influence the 
‘ produ&ivenefs of laods, it is obvious that in the prefent dale 
of fcience, no certain fyftem can be devifed from their im« 
provement, independent of experiment; but there are few 
cafes in which tbe labour of analytical trials will not be amply 
repaid by the certainty with which they denote the beft 
methods of amelioration ; and this will particularly happen, 
when the defed of compofition is found in tbe proportions of 
tbe primitive earths. 

In fupplying animal or vegetable manure, a temporary food 
only is provided for plants, which is in all cafes exhaufted by 
means of a certain number of crops ; but when a foil is render* 
ed of the beft poffible conftitution and textoref with regard 
to ils earthy parts, its fertility may be coafidered as per* 
manently eftabliflied. It becomes capable of Attracting a very 
large portion of vegetable noorifliment from the atmofpbere, 
and of producing its crops with comparatively little labour and 
expence. 

Dcfcription qf the Apparatus for the Anslyfi* qf Soils. 

A. Retort. 

. B. B. Funnels for the porpofeof filtrating. 

D. Balance. 

E. Argand’s lamp. 

F. G, H, K. The different parts of the apparatus required 
for meafuring the quantity of elaftic fluid given out during 

the 


Digitized by Google 



2TEW VEGETABLE SUBSTANCE, 


91 


the adion of art acid do calcareous foils* F. Represents ihm 
bottle for containing the foil. K. The bottle containing the 

acid furnifhed with a ftopcock. G. The tube connected with 
a flaccid bladder. I. The graduated meafure. H. The bottle 
for containing the bladder. When this inflrument is ufed, a 
given quantity of foil is introduced into F ; K is filled with 
muriatic acid diluted with an equal quantity of water; and 
the flop-cock being clofed is conne&ed with the upper orifice 
of F, whieh is ground to receive it. The tube G is introduc- 
ed into the lower orifice of F, and the bladder conne&ed with 
it placed in its flaccid fiate into H, which is filled with water. 
The graduated meafure is placed under the tube of H. When 
the flop-cock of K is turned, the acid flows into F, and adls 
upon the foil ; the elaftic fluid generated patfes through G 
into the bladder, and difplaces a quantity of water in H equal 
to it in bulk, and this water flows through the tube into the 
graduated meafure ; the water in which gives by its volume 
the indication of the proportion of carbonic acid difengaged 
from the foil ; for every ounce meafure of which two grains of 
carbonate of lime may be eftimated. 

L. Reprefents the fland for the lamp. 

M, N, O, P, Q, R, S. Reprefent the bottles containing the 
different reagents. 


BRftfkcifbfa ltei) PegetMt Subfidnce , by Mr. Rose # . 

A CONCENTRATED deqo&ioo of the . root of elecam- Decoaion of 
pane, kekmusi, after flandiog id me hours, depofits a J e cc ^“ c, ^ ot 
white powder, appearing, at fir.fi fight much like fiarefct bataerreremUiog 
differing, ftp* it* botftick<a|S; prinqiple* and in iU manner of flarch * 
comporting itfelf with other fubfiances. 

1. This fubfiance is generally infoluble in cold water, it it infoluble in 
Being Hit 6 ra*ed with it a white milky liquor is formed, which coW watcr * 
foon depofits a heavy white powder, and leaves the feper- 

natant water clear ^od, limpid, * 

2. It dilfolves very well in boiling water. On heating, to Soluble Jn bcll- 
ebullition one part of the white powder, with four parts of W4ter * 

♦ From Gehlen’s Journal far 1804, Vcd. III. p. 217. 

Vol. XII»— October^ H water* 
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water, a complete folution is obtained, which pafles through 
filtering paper while hot, but on cooling acquires a mucife- 
But much fub- ginous confidence and a dull colour. In the courfe of fame 
tides on cooling, hours this folution depofits the greater part of the fubftaace 
difTolved in the form of a compact white powder. 

Differs from A folution of one part of gum arabic, in fojir parts of 
folution of gum- water is much thicker, of a more tenacious confidence, and 
froths lightly, which the folution of the powder from the 
elecampane root does not. 

Alcohol fepi- 3. On mixing the folution of the white powder with an 
water* fr0in €< l u *l quantity of alcohol, the mixture is at firft dear, bat in 
9 a little time the powder feparates in the form of a tumid white 

does not gum- Pediment, leaving the fluid above it tranfparent. A folution 
arab,c# of gum-arabic on the addition of alcohol becomes immediately 

milky, and long retains this appearance, no kind of powder 
fepa rating even in feveraf days. 

Melts, emits a 4*. When thrown on burning coals, the white powder melts 
s^dkaves^Uttle fe gar and evaporates, diffufing a white, thick, pungent 

refiduum. fmoke, with a fmell of burnt fugar. After this combadion a 

Thus^differs light refiduum only remains, which runs into.the coal. Starch 

from arc , em ; ts a fi m il a r f mo ke, but does not melt, and leaves a coally 

and from gum. refiduum much greater in quantity. Gum-arabic under the 

feme circumftances gives out fcarcely any fmoke. 

On red hot iron Healed in an iron fpoon over charcoal the powder fird 
bums. melts, and emits the fmoke above deferibed. As foon as the 

fpoon becomes red hot, it burns with a vivid light flame, and 
Starch. leaves a very trifling coally refiduum. Starch under the fame 

circumdances does not melt, is much longer before it burns. 
Cum. and leaves a confiderable refiduum of coally matter. Gum- 

arabic only fparkles, does not take tire, and leaves a great 
-deal of coal, which is readily convertible into grayifh afhes. 
Dry-dlftlllation 5. By dry diftillaticn we obtain from this powder of the 
butao oii * 1130 ^ 9 elecampane root a brown empyreumatic acid, having the 
fmell of pyroxalic acid, but not an atom of empyreumatic 
oil. 

Nirr»d acid pro- 6. The nitric acid transforms the powder only into malic 
ducca mal, f» acid and oxalic acid, and when ufed in great excefs into 

oaalic, and in , ... , . . . . i* . . ^ 

cxccfi acetic, acetic acid : but we do not obtain an atom ot the fecchola&ic 

*hoUa\fc ^ C " w h*ch gum-arabic treated in the fame manner fumifhes 

Surch fat. * f° abundantly ; or of the fatty matter which i* generated by 

the a&ion of nitric acid on flarcb. 

2 From 
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Prom all thfefe phenomena it follows, that this farinaceous Hence of a 
powder extracted from elecampane root, is neither ftarch nor “^'and forch 
gom, but a peculiar vegetable fubftance holding a middle and piobably 
rank between the two. It is probable, that it exifts In many cx,fts ot ^ cr 
other vegetables, and that feveral produ6ts hitherto confidered 
as (larch are of the fame nature as this farina. 


V. 

New Gabantc Difc overt es by Mr . Ritter, extra tied from a 
Letter from Mr. Christ. Bernoulli *. 

X HERE tranfmit you the information you requeued re- 
fpeding the late experiments of Mr. Ritter, to which I fub« 
join fome account of that gentleman. 

I. Charging of a Louis (TOr by the Pile. 

The pile with \yhich Mr. Ritter ufually makes his experi- Mr. Rittei's 
ments confifts of a hundred pairs of metallic plates, two inches cotncTlon pilc * 
in diameter. The pieces of zinc have a rim to prevent the 
liquid prefled out from flowing away. The apparatus is always 
infulated by feveral plates of glafs. 

As Mr. Ritter at prefent refides in a village near Jene, I His grand 
have not been ablp'lo fee his experiments with his grand ^^*2j[ tter y 
battery of two thoufand pieces, or with his battery, of fifty 
pieces, each thirty-fix inches fquare, the a 61 ion of which con- 
tinues very perceptible for a fortnight. Neither have I feen 
bis experiments with the new battery of his invention, con- 
fiding of a fingle metal, and which lie calls the charging and charging 
pile. F ilc - 

I have frequently however, feen him galvanife louis d\>r Louis dVr 
lent him by perfons prefent. To efieft this, he places the by . 

louis between two pieces of pafleboard thoroughly wetted, the galvanic 
and keeps it fix or eight minutes in the chain of circulation circuit, 
connected with the pile. Thus the louis becomes charged, 
without being immediately in contadi with the conducing 
wires. If this louis be applied afterward to the crural nerves excites coatrac- 
of a frog recently prepared, the ufual contra&ions will bek 0111 * 

• Tran dated from the Journal de Chimie and <k Pbyjique of Van 
Mens, No. 17, p. 133, March, 1805. 

H 2 excited. 
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and m*y thus he 
diftinguiffied 
among others, 


as it does not 
lofe its charge 
for forae 
minutes. 


This (hows the* 
affinity of the 
galvanic with 
the magnetic 
fluid) between 
which and the 
ele&ric, it holds 
a middle place. 
Sc vet a! pieces 
may be charged 
at once. 


Ritterlan pile. 


Metals thus 
charged acquire 
polarity. 


excited. I had put a louis thus galvanifcd into my pocket* 
and Mr. Ritter fa id to me a tew minutes after# that I might 
find out this louis from among the reft, by trying them im 
fucceffion upon the frog. Accordingly I made the trial, and 
in reality diftinguithed among feveral others a (ingle one, ia 
which the exciting quality was very evident. This charge ia 
retained in proportion to the time that the piece has remained 
ifi4he circuit of the pile. Of three different louis which Mr. 
Ritter charged in my pretence^ neither loft its charge in left 
than five minutes. All thefe experiments fucceeded com- 
pletely, and nothing feemed fa eqfy as to repeat them. 

This retention of the galvanic charge by a metal in contaft 
with the hand) and with other metals, (hews this communica- 
tion of the galvanic virtue to have more affinity with mag- 
net ifm than witbeledricity, and affigns. to the galvanic fluid 
an intermediate rank between the other two. 

In the manner which I havejuft deferibed, Mr* Ritter can 
charge at once as many pieces as he wiflies. It is fufficient 
if the two extreme pieces of the number communicate with 
the pile through the intervention of wet pafleboards. It is 
with metallic difes charged in this manner, and placed upon 
one another with pieces of wet pafteboard alternately inter- 
pofed, that Mr. Ritter conftru&s his charging pile, which 
ought in remembrance of its inventor to be called the Ritteriai i 
pile. The conflruftion of this pile (hpws, that each metal 
galvanifed in this way acquires polarity* as the needle does 
when touched with a magnet. Though I have had no op- 
portunity of feeing this new pile, I have convinced myfelf of 
the reality of the phenomenon by an experiment of the higheft 
importance to fcience, and for the invention of which we are 
equally indebted to the fame ingenious phtfofophet. 


2. Different Excitability qf the Parts of Animals . 

Different e*cU During the courfe of feveral years in which Mr. Ritter has 
pvaof^imali. employed in galvanic purfuits, and during which he has 
made many thoufands of experiments on the excitation pro- 
duced in the frog by the contadl of two different metals, 
for Mr. Ritter has not entirely abandoned the original mode of 
galvanifing, like moft other experimentalifls, who employ 
Volta's pile exclofively ; he had perceived not only a very 
finking difference in the excitability of the different parts <*f 

animals, 
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attfmafs, but iffb 6 difference of excitement between the 
tmtenfor arid ftfeJcof rttufrdes, according a* the pofitive or nega- 
tive pole was applied to them, of as they were aded upon 
the indent after the metals wefe brdught into contact or 
fcparated from each other. 

When the excitability is at its hlgheft point of energy, as in When the exci- 
very young frogs the moment after they are prepared, or in^i^? fchc 
adult frogs during the Coupling feafon, the flexors alone coti- greateft, the 
tm^t, and in particular the flexor raofcles of that thigh to 
Which the filver or negative metal is applied, contrad at thevamfim*** 
frtfiatit when the metals come into contad, while thofe of the 
thigh to which the zinc or pofitive metal is applied, cohtrad 
at the infiant of their reparation. 

The oppoflte effeds are obfervable in frogs, the excitability when it is loweff 
of which is on the point of being extinguifhed, (Ritter’s fifth **'™ fors 
degree.) In this cafe the extenfors only contrad, and the negative. * 
flCxort reman* abfdlutely motionlefs. At the moment of 
fcoritad of the metals the mufcles on the 2 inc fide alone afe 
thrown into adion, and at the moment of feparation thofe on 
the filver fide. 

Mr. Ritter diftifiguiflies three degrees of mean excitability. When the eccU 
At the fecond decree (the firfl of the three mean degrees,) f ab,1,ty 
wnCn the metals are. brought into contad, a flrong excitement dium and either 
of the flexors is difplayed on the filver fide, and a weak f he 

.. . P . . * 7 . ' . _ , . effect on the 

excitement of the extenfors on the zinc fide ; and when the flexors and ex- 

metals are feparated a flrong excitement of the flexors is Teen tenfors fimulta- 
on the zinc fide, and a weak excitement qf the extenfors oh ^ Un ~ 
the filver fide. 

At the fourth degree of excitability the contrary takes At the medium, 
place. At the third of middle degree the excitability appears ^ulumcous .* 1 
to be equally diflributed, the contradions on each fide appear 
equal, and at the moment of contad the flexors contrad on 
the filver fide, the Cxfenfors on the zinc fide ; while at the 
moment of feparation the extenfors contrad on the filvCf fide, 
and the flexors ort the zinc fide. 

Mr. Ritter fliowed me all thefe phenomena, and it was very 
eafy to diffinguifh.the different contradions. I have not yef 
had time to repeat thefe experiments, but I am afraid, eafy as 
they appeared to be* they will require an experienced hand, 
to produce fuch diflihd effeds as I faw. None of the Cxperi- The experi- 
ments which Mr. Ritter performed before me fucceeded with X^fucceLi 

him on the firft trial* 
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Mr. Ritter’s him the firft time. Mod of thefe experiments b*vw never yet 
fide'ntly >t «p- f ' k een mac * e P u ^ ic » and few philofopher* have jufily appre- 
predated? ciated the value of thofe which have been given to the world* 
There are fome people, who, habituated folely to the linking 
effeds of grofler phyfics, fuppofe it impodible for a young 
philofopher to fee any thing more than themfelves in the 
delicate phenomena of a more refined order of phyfical ex- 
periments. What has greatly contributed to prevent Mr. 
partly owing to Ritter from attaining the high reputation he deferves is his 
hisftyfe. ftyle, which, by endeavouring to give it preeifion, be has 
rendered obfeure; but in conversion it is quite otherwife, as 
here he combines the drifted logic with the greateft fimplicity 
of expreffion. 

Account of Mr. Rioter is one of thole men, who owe every ihing to the 
Mr. Ritter. jnfpiration of genius, nothing to education. He was intend* 
ed for a mechanical occupation, when the difeoveries of gal* 
vani excited in him that innate tafte for the phyfical fctences, 
which has carried him over every obftacle, and raifed him to 
rank among the firft natural philofophers. Deftitute of every 
fource for procuring himfeif the apparatus indifpenfable to 
ordinary phyfics, but fwayed by the enthufiafm of inquiry, 
he greedily feized the opportunity of obeying this impulfe by 
purfuing a feries of experiments, that require only a fimple 
and not a very expenfive apparatus. Europe has rung with 
the fuccefshe has obtained within the feven years he has given 
to his refearches. He-muft have written much to procure 
himfeif a large pile, and the mod neeefiary books of natural 
pbilofophy. 

Not lefs indefatigable as an experimenter than ingenious as 
a theorift, he has committed to writing thoufands of expen* 
ments, which his time divided between galvanic experiments, 
application to other branches of phyfics, and the fiudy of 
languages, has not yet allowed him to put in order for publi* 
cation. But this date of condraint is about to be at an end. 
The eledor Bavaria, that enlightened prince, whofe philo- 
fophical beneficence attrafts to his dominions the mod dif- 
tinguiflied men of fcience and learning throughout Europe, 
has juft appointed Mr. Ritter a Member of the Academy of 
Munich, with a falary of about 2001. a year. 

He Is compo- Mr. Ritter has been employed thefe fix mopths in com-, 
work ol^gi\* UC £ fyfteraatic work on galvanifmj but he does not think 

vanifm. he 


He Is compo- 
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he (ball be able to finifh it in lefs than two or three years. 

When I left him he was going to publi(h Tables of Galvanic Publifhing 
Jffinity, including all the fubftances on which he has made 
experiments. Thefe tables will be of as much importance to 
galvanifm as thofe of Bergman were to cheraiftry : they will 
ihow, though not yet in a complete manner, the order in which 
fubftances follow each other with refpeft to exciting or re* 
ceiving the galvanic a&ion. 

But to return to the experiments refpeding the charging 
metals. Mr. Ritter, after having ihown roe his experiments £33 two pole*. 

the different contradibilily of various mufcles, made me 
obfer.ve, that the piece of gold galvanifed by communicatW 
exerts at once the a&ion of two metals, or of one conftituent 
part of the pile; and that the half which was next the nega- 
tive pole while in the circle became pofitive, and the half 
(oward the pofitive pole became negative. I was completely 
convinced of the reality of thefe different phenomena, fo 
important to phytic in general, and to phy Oology in par* 
ticular. 

Mr. Ritter having difeovered the method of galvanifing Golden needles 

metals, as iron is rendered magnetic, and having obferved that j^p^ed,* 11 * 

galvanifed metals always exhibit two poles, as the magnetic 

needle does, had the curiofity to obferve the effe 6 t of golden 

needles charged with galvanifm and balanced on a pivot. 

To his furprife he perceived, that thefe needles had a certain ha y e h^h d »p 
... . , . . r . . . .and variation, 

dip and variation, and that the angle or variation, the quantity but different 

pf which J am forry I cannot recoiled, was uniformly the from die ma^ 

fame in all his experiments. It differs however from that of 0611 * 1, 

the magnetic needle* and the pofitive pole always dips. 


VI. 

Jmprovevient in applying the Points in EU&rical Machines . By 
Mt. G, J. Singer. 

To Mr. NICHOLSON*, 

SIR, Princes Street* Sep . 1 9th, 1805. 

In the ordinary confiruflion of electrical machines, the col* 
le&ing points are fixed, and by the lead accidental motion are 
liable to feraleh' the glafs, to obviate this inconvenience, t 

place 
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place my points in * cylindrical wire, terminated by (moeth 
wooden balls, wbofe fe mi diameter is lefs than the length m£ 
the points: This wine is. moveable on its axis, by means of a 
fpring focket annexed to the ftera which enters the coadador: 
The points may of courfe be placed at any required elevation, 
and the greateff imenffty any variation in thdr filiation pro- 
ducer, be obtained. When, the points are elevated a little 
above the horizontal line, the danger of Scratching the giafs 
ip effectually prevented, by the balls coming ia contad while 
the points are kept at a (mail diffance, The fecurity this 
application produces, and the additional inteniity it affords* 
have induced me to trouble you with this communication, 
lam. 

Dear Sir, 

Your**, &c. 

G. J. SINGER. 



Qutfiion whether Light as a Body may not hare its Temperature 
raifed or lowered , and produce the EJJefys aferibed to reflefted 
Heat • By J. P. 

To Mr. NICHOLSON. 

SIR, 

Question re- POSSESSING no differential thermometer, nor any time to 
fpe&ing light, employ it, I cannot prove whether my opinion h well founded 
or not, rebelling the ingenious experiments of Mr. Leflie or 
of M. Pidet, by which the reflexion of invifible (not radiant) 
heat, and even of cold, appears to have been proved. 

Inffead of there being an a^ual reflexion of heat as a fub- 
fiance, or of cold as a fubftance, is it not in all thefe cafes 
a reflection of heated or of cooled light ? In the experiments 
with the heated canniffer, the light of the room is, I doubt 
not, heated by the canniffer; and if colleded in a focus, muff 
produce an eflfed on the thermometer, anfwerable to the in- 
creafed quantity of heat with which it is impregnated. Thus 
alfo in Monf. Pidet’s experiment, the light intercepted by the 
mirror and thence refleded, has been deprived of a portion 
of its caloric, or in other words cooled, by the ice ; at the 

focal 
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local paint therefore wiH be a coflcSion of cooled rays of liglit* 
which rauft neceflarily occafion an efted on the thermometer, 
the reverfe of tbat of the former experiment. That light is a 
body capable of being united with caloric, and that heated or 
pooled light (hould thus be reflected and occaGon all the phe- 
nomena of Mr. Leflie's and of M. Pi&et’s experiments, ap- 
pears to be much more probable, than that this calorific and 
frigorific fluid (hould be the ambient air, or that cold, as a 
body, fhoald be reflected from mirrors in fach a manner as 
light is perhaps only capable of being reflected. Were the 
experiments fo made that no light (hould be in the room, and 
only a fmall confined portion of light ufed to examine the 
thermometer, tbefe conjectures would be put to the trial, and 
f trull the ipy fiery would be removed. 

Sir, your’s, 

jp. 


VIII. 

Experiments on a Mineral formerly called falfe Tungftein, now 
Cerite , in which a new Metal has been found.* 

Mr • Klaproth, about eight months ago, fays Mr. Vauquelin, Klaproth fup- 

fent me word, that he had difcovered in the tungftein of Baftnas P?f cd he **** 

4 , . . . . difcovered a new 

a new earth, to which he gave the name ot ochroit, on account earth in the 

of the red colour it acquired by calcination. Meflrs. Hiftnger tungftein $ 

and Berzelius, hearing this, wrote to Mr. V. claimiog the Hifinger and 

priority of difeovery, but affirming at the fame time, that what ancw 

they had found was a new metal. Thefe gentlemen afterward 

font Mr. V. fpecimens of the mineral, which he analyfed in 

company with two experienced practical chemifts, Meflrs, 

Taflaert and Bergman. The following were the refults of their 

analyfls : 

The pure cerite f is femitranfparent, with a flight roly tinge, Chara^er* of 

pure cerite* 

• Abridged from a paper by Vauquelin in the Attnalesde Cbimie , 

Vol. LIV. p. 28, and another by Meflrs. Hifinger and Berzelius in 
van Mons's Journal de Cbimte , Vol. VI. p. 142. — C. 

*1* Meflrs. H. and B. have given to ths metal the name of certon 
or cerium , from the new planet Ceres, and to the mineral in which 
(hey difcovered it that of cerite* 

or 
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EXPERIMENT* ON CEKITE. 


Treated with 
uitro- muriatic 
acid. 


The folution 
precipitated 


hy pruffiate of 
potaih and am- 
monia* 


Examined by 
different re- 
agents. 


or of a light or deep flefh-coloar*. It is fufficienlly hard to 
fcratch glafsf , (trikes fire with difficulty, and itsfpecific gravity is 
4*530. It has no determinate cryftailine figure. Its fra6tore 
is compaft f, and a little iliining. Its powder is of a greyifh 
colour ; it becomes yellow by calcination, and lofes twelve 
.per cent §. 

Exp. 1. Two hundred parts of this mineral treated with nf- 
tro-murialic acid three tiffies facceffively, gave abundance of 
nitrous acid and oxigenated muriatic acid gas. The firft and 
fecond folutiont being diluted with water were of a gold colour ; 
the third was colourlefs. The former two being mixed depo- 
fited fpODtaneoufiy in time a fmall quantity of white fecNment. 
The refiduum left by the mtro-rauriatic acid was of a gray co- 
lour with a flight rofeate tinge, and weighed 62, fothat 138 
parts were difiblved. 

Exp. 2. The folutions being evaporated to the confidence 
of fyrup to volatilife, the fuperfluous acid remained clear to the 
end of the operation. Their refiduum, diluted with water, 
afforded a milky liquor, with a (light rofy tint, and a very 
afiringent tafte. 

Pruffiate of potaih produced in it a greenifh blue precipitate s 
the colour of which was changed to a brown by a fmall quantity 
of ammonia. 

All the liquor into which a fmall quantity of ammonia had 
been put to precipitate the iron alone was poured into a filter, 
but would not pafs through. It was healed therefore, and 
filtered, when it appeared of a gold colour, and had a very 
faccharine tafte. Pruffiate of potaih and oxalate of ammonia 
threw down from it perfeflly white precipitates. 

The matter left on the filter continued for a long time to 
impart a yellow tinge to the water with which it was wafhed. 
It was of a red colour, and appeared like oxide of iron at a 
maximum of oxidation. 

The folution thus deprived of the red matter by ammonia, 
was examined by various reagents. Pruffiate of potaih gave 
with it a white, flocculent, gelatinous precipitate. Infufion 


* Opake, and fometimes but very rarely, yellowifti. MefTrs* 
H. and B. 

+ Does not fcratch glafs. H. and B, 
t Unequal and angular. H. and B< 

$ Six or feven. H. and B. 

©f 
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pf galls, a brown, flocculent Pediment, unaffefted by muriatic 
acid. Carbonate of pota(h, a very copious white gelatinous 
precipitate. Cauftic potato, the Tamer and an excefs of this 
reagent produced no change. Oxalate of ammonia, a very 
copious, white, flocculent precipitate, infoltible in an excefs 
of oxalic acid. Sulphuric acid, a yellow cryflalline precipitate 
foluble in water. Muriate of tin whitened the folution without 
forming any precipitate. # 

Exp. 3. After this the folution was evaporated, when it Attempt* to free 
inftantly became turbid, and formed an abundant flefh-coloured * rom iroB * 
depofit. This was treated with acidulous oxalate of potato to * 

diflolve the iron without fuccefs : the addition of nitric acid, 
w as as unfuccefsful : but muriatic acid added to the preceding 
diflolved the precipitate with effecve licence and the emiffion of 
oxigenated muriatic acid gas. A white cryftatitne fobftance 
however, remained, confiding of oxide of cerium with oxalic 
acid. The greater part of the excefs of acid in the folution 
being faturaled with ammonia, oxalate of ammonia was added 
till no more precipitate was formed. This precipitate had all 
the properties of oxalate of cerium. Ammonia threw down 
from the filtered liquor oxide of iron. 

Exp . 4. The matter precipitated from the folution ©f cerium Muriate preci- 
by ammonia in Exp. 2, diflblved with effervefcence in muriatic ut c * of amawniau 
acid. Oxalate of ammonia threw down from tbit folution 
oxide of cerium, and the filtered liquor contained oxide of 
iron tolerably pure. 

Exp . 5. The liquor freed from the greater part of the iron Nitrate prectpi. 
by ammonia and heat, which had notwithflanding a flight ro- 
feate tinge, was precipitated by oxalate of ammonia. The 
precipitate at the moment of its formation had the appearance 
of muriate of lilver, but Toon became granulous and fubfided 
in this form. The liquor patTed through the filter colourlefs, 
and the rofy tinge remained in the oxalate. 

Exp. 6. As the liquor from which the oxalate of cerium was Oxalate of lime 
precipitated contained an excefs of acid, it might be prefumed fc P aratcd * 
to hold in folution mod of the oxalate of lime formed at the 
fame time, if the cerite contained any. Accordingly it was 
mixed with the water that had watoed the precipitate and con- 
centrated by evaporation, when on the addition of ammonia a 
fmall quantity of oxalate of lime was thrown down. 

Exp. 7. As notwithflanding fome oxalate of lime might have of the lime 
been precipitated with the oxalate of cerium, a portion of the fc P aratcd * 
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red oxide of cerium writing from the decompofitfon of the ox- 
. slate by calcination was didblvcd in muriatic acid. A brifk 
eflervefcence indsntly look place, with the evolution of ftxi* 
genated muriatic gas, which continued till the whole was dtf* 
(hived, and differed in norefpedt from that prepared with oxide; 
of manganefe. 

Muriatic (bln* The foltilien of oecttmi in muriatic acid was dear, and had 
on ty * r °fy tinge. To feparate it- from the lime, if (here 
were any, ammonia was added, when the (elution, having been 
dilated with but a fmall quantity of water, congealed into a 
fcmitranfparent gelatinous mafs, which it was necellary to agi- 
tate with a great deal of water, before it could be gotten out 
of the bottle. 

The precipitate being walked and calcined was very compad, 
and had a brilliant fracture. 

The liquor thus decompofed by ammonia contained finite, 
as appeared on precipitating k with oxalate of ammoriia. 

At (he inftavtt when the oxalate of cerium is precipitated by 
ammonia it is white and femitranfparent ; but by agitation in 
the air and deficcation it affutaes a yellowfth colour, and be- 
comes opake. A remarkable circum (lance is, that, if it be 
boiled wkh ammonia or potato before it is dry, it becomes 
Does not com- again perfe&ly white and opake. This is not owing to any* 
combination of the alcalies with (he cerium, tor when it has 
been well walked, no trace of them can be difcovered by the 
mod careful analyiis. 

Component pots The refidnum left untouclied by the acids was afterwards 
©I ceiife examined $ when it appeared, that the pure(l ore of cerium * 
from fiadnas contained in 100 parts. 

Oxide of cerium 
Silex 

Oxide of iron - 
Lime 
Water 


Oxalate of ceri- 


bine with al- 
kalies* 


63 
1 75 
2 

3 or *• 
12 


98-j f 

Cerium, 

* Mr. Vauquelin analyfed other fpecimcns, which were mixed 
with green a&inote and cupreous pyrites j but as nothing particular 
occurred in thefe analyfes, it is unneceflary to enter into them. 

f Meflrs. H. and B. fay : filex 23 parts, carbonate of lime 5-5, 
oxide of iron 22, and of oxide of cerium after calcination more than 

$ 0 . 
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Curium, life# feveral other metals, appears fufceptible of two Cerium has two 
very difiinft degrees of oxigemtion: the oxide which contains 0J “ de# * 
leaft oxigen is white ; that which is faturated with it is of a 
fallow red. Though they differ confiderably in certain reipe&s, 
their quantities of oxigen are not very diffimilar, whence they 
are readily and eafily com routable into each other. 

The white oxide expofed to the blowpipe foon becomes red, Expo&d to the 
but does not melt, or even agglutinate. With a large propor- witi * 

lion of borax it melts into a tranfpareat yellow globule * : with 
left the globule becomes opake on cooling. On heating gently 
a transparent compound of borax and oxide of cerium it becomes * 

milky like a tin enamel. 

The white oxide of cerium becomes yeilowilh in the open Takes oslgen 
aby but, nev$r fo fed as by calcination, becaofe it readily com- 
bines with carbonic acid, which oppofes its union with oxigenair. 
fo the point of faturation, and becaufe it always retains a por- 
tion of water, which diminilhes its colour. 

. Cqufiic potato by the a to fiance of heat deprives the red oxide Alcalies do not 
of part of its oxigen, and renders it white. This being dried* °° it# 
however, and urged to the fiate of fufion, becomes red again. 

Alcalies have no other adion on it. 

Splphuric acid difiblves the red oxide with great difficulty. Sulphuric acid 
Equal parts of it, and of fulphucic acid diluted with four times *** **** og * 
its weight of water combine readily when heated : the whole 
pnafs afiuroing a cry fialline form and brilliant afped. On adding 
freto acid, and heating them together a long time, a complete 
folutiou takes place. This folution being evaporated by a gentle 
beat cryfiailuset in very fmall needles, fome of which are Two fulphate*. 
orange + , others of a lemon colour. If evaporated quickly, 
nothing but a yellow powder is obtained. 

50. The increafe of weight they aferibe to oxigen absorbed by the 
iron and the cerium. 

* Firft blood-red, then, as the heat decreafes, green, yellowito, 
and finally colourlefs. If it be kept in the middle of the flame it 
continues as clear and colourlefs as glafs. Thefe phenomena are With a phof- 
tnore evident, if a phofphoric fait be employed. If two colourlefs phoric fait, 
tranfparenx globules, one formed with borax the other with a phof- 
phoric fait, be fufed together, a tranfparent compound is produced, 
which on cooling becomes opake, and of a pearl colour. Meffis. 

H. and B. 

f Thefe Mcfli s. H. and B. confidv as an acidulous fulphate of 
cerium at a maximum of oxidation. 
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The fulphate of cerium is foluble in water only by mean4 of 
an excels of acid. Its tafle is faccharine and acid. 

With the white Sulphuric acid eafily combines with the white oxide, particti- 
oxide. Jar ly in the ftate of carbonate. The folution is colourlefs, or 

with a flight rofy tinge ; of a faccharine tafle without any per* 
ceptible acidity ; and readily affords white cryftals. 

Nitric acid with Nitric acid does not readily diflolve the red oxide anlefs 
the red oxide. a fljft ec j by heat. If the acid be fuperabundant, the folutton 
yields while deliquefcent cryflals: if not, no cry ftals ate formed, 
but a yellowifh fait is formed by deficcation, of which alcohol 
* at 38° will diflolve half its weight. The nitrate of cerium if 

decompofable by heat, and leaves a brick-coloured oxide. 

■With the white. The while oxide unites more readily with nitric acid, but 
this fait it not more eaflly cryflallizable. Its tafle is at firfl 
pungent, afterward very fugary. 

Muriatic acid. Muriatic acid diflolves the red oxide with effervefcence. 

The folution cryflallizes confufedly. The fait is deliquefcent* 
foluble in an equal weight of cold water, and in three or four 
times its weight in alcohol. The flame of this folution acquires 
no colour from the fall, but if agitated, white, red, and purple 
points appear in it *. 

Oxygenated mu. Oxigenated muriatic acid has no adion on the red oxide, but 
riatic acid. diflolves the white, without yielding to it any of its oxigen. 

C atbonic acid. The oxide of cerium unites eatily with carbonic acid. The 
mod Ample and ready method of forming this compound is to 
decompofe a folution of the nitrate or muriate of the white 
oxide by fat u rated carbonate of potaflf, when a very white 
precipitate will be farmed with effervefcence, which is very 
light, and on drying afliimes a Alining filvery appearance. 
Hldro-fulphures Sulphurated hidrogen does not combine with cerium : but 
troa^cerium bidrofulphures may be employed fucceflively to feparate any 
iron that may be mixed with it ; for, when this is the cafe, the 
firft portions of hidrofulphure will throw down from the 
folution of cerium a greenilli precipitate till no more iron 
remains. 

•Ptrtaroui acid. The white oxide will unite direflly with tartarous acid, but 
requires an excefs of the acid to render it foluble f . 

Mr. 

* When this folution is concentrated it bums with a yellow fpark* 
ling flame. Meflrs. H. and B. 

f Meflrs. H. and B. have obferved, as well as Mr. V. that, if 

the 


Digitized by 


Google 


EXPERIMENTS ON OfRffB. 


m 

Mr. Vauquelin made feveral unfuccefsful attempts to reduce Reduction o £ 
this metal ; at firft he ufed the oxalate made into a pafte with **** mcta1 ’ 
fat oil. However, having mixed tartrite of cerium with a very 
fmall quantity of oil and lamp-black, he put it into a crucible 
of charcoal bedded in fand in an earthen crucible, and heated 
it for an hour and half in a forge furnace. A metallic globule 
fcarcely as large as a pin’s head was now left in the coal, but 
no other trace of cerium could he difcovered, though the (and 
was examined with the utmoft care. 

None of the fimple acids a&ed on this globule, but it dif- The globule ex* 
folved, though with extreme difficulty, in aqua regia, after being ^ niucda 
triturated. The folution was reddiffi, and exhibited unequi- 
vocal marks of iron : but it likewife gave evident hgns of the 
exiftence of cerium, both by its faccharine lade, and by the 
white precipitates which tartrite of potalh and oxalate of am- 
monia threw down. The metallic globule too was harder, 
much more Fragile, more fcaly in its fra&ure, and more white 
than pure call iron. 

As from thefe experiments cerium appears to be volatile, a Volatile, but 
fimilar mixture with the addition of borax was heated in a bii^t frute^ 
porcelain retort, to the neck of which a porcelain tube was left, 
adapted. Whether from the inefficiency of the heat however, 
or from the -metal being volatilized without adhering to the 
neck of the retort, no trace of fublimate was found. But 
feveral very fmall metallic globules remained in the retort, ad- 
hering to a black varniffi formed by the borax. There w’ere 
fome of ihefe globules about the upper part of the veflel, to 
which apparently they had been fublimed by the force of the 
fire ; but all thefe globules together would not have amounted 
to a fiftieth part of the cerium employed, 

the falts of cerium, decompofed by tartrite of potalh ftill contain Simple and ready 
traces of iron, the iron remains diffolved in the liquor, particularly method of free- 
if a flight excefs of tartrite be employed. Accordingly they have 
proposed this method as the beft and fimpleft for freeing the cerium ta'infhgnhc ox* 
from iron. The procefs they recommend for obtaining pure oxide ide pure, 
of cerium is, tbdiftolltct in nitro-rauriatic acid any quantity of cerite, 
carefully fele&ed and thoroughly calcined. To Alter the folution, 
neutralise it by cauftic pota/h, and then precipitate by tartrite and 
potalh.' The precipitate well walked, and afterward calcined, it 
pure oxide of cerium. 

t • . * . * . j • 
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AbjlraR of a Memoir , entitled Confiderations on Colour s, and 
fevcral of their Jingular Appearances ; read at the Clafi qf 
Mathematical and Phyfical Sciences of the National Jvjlituie, 
March , 1805, by C. A. Prieur *. 


Obje& of ihe 
memoir. 


Begins with the 
colours refult- 
»ng from a mix* 
ture of rays. 


For which we 
are indebted to 
Newton* 


Preliminary re- 
quifices. 


Complementary 

colours. 


Our author here endeavours to account for feveral pheno- 
mena, which appear to him never yet to have been properly 
explained : or rather it is His objedt to exhibit a general theory, 
by means of which all cafes of coloured appearances, even the 
moft extraordinary, may be referred to certain principles. 

He fets out from the known opinions concerning the various 
fpecies of luminous rays, the colours refulting from a mixture 
of feveral of. thefe rays taken at different parts of the folar 
fyeftrum, and among others the very remarkable cafe, where 
the rays are fo chofen, that their union produces on the organ 
of tight the fenfation of whitenefs, even if two forts of rays 
only be employed. 

For thefe ideas we are indebted to the difeoveries of the 
immortal Newton, and they flow immediately from the me- 
thod he has propofed for determining what colour would be 
obtained from a mixture of certain quantities of other given 
colours. 

If we would thoroughly comprehend what pofles in the 
feeing of colours, it is indifpen fable in the Arft place to obtain 
a familiar acquaintance with the (hades compofed of feveral 
Ample rays; to acquire precife ideas of black and of white, 
and of the complication thefe introduce into coloured appear- 
ances; and more efpecially to underfland the relation of co- 
lours, which, taken two and two in a certain order, are 
capable of forming by their union white, or if you pleafe any 
other compound lint. 

Two colours having this kind of relation to each other are 
reciprocally termed complementary colours: one of thefe being 
given, the other may be determined with more or left preclfion 
by various modes of experiment, calculation* or'flfcnpfe teafori- 
ing; and the confederation of thfem applies very ttfefulfy to a 1 
great number of cafes, as will be (ben farther on. 


* Tnmflated from the AtmaJes de Cbimse 9 Vol, LIV. p. 5, April, 
*805. 
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"We here pafi over many particulars, which perfon* verfed in 
the fcience of optics, or habituated to the pra&ical applies* 
tion of colours, will eafily fupply, Betide?, the iubfequent 
part of the memoir, of which we have undertaken to give an 
account, will furnilh an opportunity of repeating what is moft 
lieceflary for underftanding thefe fubje&s. 

After thefe preliminaries the author proceeds to observations Contpftfc , 
on coiUrafti. He employs this word to characterize the effect 
of the iimultaneous vifion of two fubftances differently co- 
loured, when brought near together under certain circum- 
ftances. Contrail then is here a companion, from which re- 
fulls the fentiment of a certain difference, great or final!. It it; 
pretty generally known, and painters in particular are well 
aware, that a coloured fubilance occupying a (pace of little 
extent, and placed near or furrounded b) a given colour, has 
not the fame appearance as in the neighbourhood of another 
colour: but whence arifes this difference ? 

Before we attempt to anfwer this queftion, let us make an 
effential diftin&ion. The colours in queftion mud be either 
homogeneal, that is formed of one fort of rays only; or com- 
pound, that is formed of a mixture of different rays. 

In the fir ft cafe, it muft be confelTed, we are ignorant. Contrails of 
whether the approximation of different ftmple colours would not^yet^exa- 1 * 
produce any alteration in their refpe&ive appearance. As mined, 
we feldom have an opportunity of feeing exhibitions of co- 
lour of this kind, and it is not eafy to arrange I'uch at will, no 
experiments have )et been made on their conlrafts. The 
fubjedt, however, is well worth ftudying. 

As to compound colours, and lucli are almoft all thofe of Its efFe& pro- 
natural or artificial fubftances, as our author (hew s in the fl^aing from a 
courfe of his paper, the new colours exhibited by contraft are colour the r*y© 

always conformable to the tint that would be obtained by ab- *” a,0 * 0us 

J r c i r i /- , tba * contmfted 

ft racing from the colour proper to one ot the lubltanccs the with it. 

rays analogous to the colour of the other. 

Thus if we place on red paper a flip painted orange-colour. Orange on red 
the latter will appear nearly yellow: on the contrary, the 7 e ow > 

fame ftrip placed on yellow paper will appear nearly red. If 0X1 yellow, Ted } 
we place it on violet paper it will relume a yellowilh tint, on violet, yel- 
but different from the former; and lalily, on green paper i 1 
will appear red, but in a different degree. other red i 

Vo l. XII. — October, 1805. I The 
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becaufe orange 
con fids of all 
ray* but blue. 


Contra ft modi- 
fied by circum- 
ft-ances. 

Degree of light. 


Many contrafts 
at once* 


Iffrffc increafed 
bf Right fatigue 
•f the eye. 


But not by ex- 
ceflife. 


Colour on the 
retina after ex- 
pofure to flrong 
light, not from 
contrail* 


Buffon’s acci- 
< dental colours are 


coloured ftiadowt 
of the feme na- 
ture: 


The explanation of thefe inftances by the rule propofel ts 
eafy, if we fuppofe the orange-colour of tire little ftrip to be 
compounded of all the rays except blue, which is commonly 
the cafe. 

A multitude of combinations of colours thus placed upon 
one another, bring out tbe colour of con trad indicated by ibe 
rule above laid down ; but there are feveral circum (lances 
that render the qffed more ftriking, or modify live refult. 

Sometimes it depends on the degree of light by which the 
colours are obferved. They may be illumined uniformly, or 
fome more than others. Tbe quantity of light entering fimuL 
taneoufly into the eye from the whole field of view, has like- 
wife its influence. If the colours form feveral fuirounding 
borders to each other, as a feries of circles .decreafing in fize 
and placed one upon another would do, they will ad reci- 
procally on each other. At every jun&ion there will be on 
each tide a border coloured by the contraft of the adjacent 
tint. Thefe borders will be of greater or lefs extent in 
proportion to the brightnefs of the colour. The erfted of a 
tingle one may be fufficient to deaden or annihilate ail the 
reft. 

The colours of contraft will appear likewife with greater 
vividnefs after having obferved them a few moments, or if the 
coloured fubftanccs be (liaken a little, fo that they may pafs 
llowly over the retina. It feems as if a certain fatigue of the 
eye, either inftantaneoutly with regard to the intenfily of the 
light, or more {lowly by a prolonged vifion, concurred to 
produce t lie appearances in queftion. But an exceftive fatigue 
of the organ would produce a degeneration of the colour* be- 
longing to another mode. 

We ought not therefore to refer to contraft thofe tmpref- 
fions mentioned by ALpinus, which are propagated in the eye 
with a certain duration, and a particular period of tint v when 
we have looked (ledfaftly on a very brilliant light, as that of 
the fun. > 

But the colours termed by. Button occidental, on which 
Scherfer has written an interefting eflay, belong to tbe dafs of 
contrafts, or at leaft conftantly obferve tbe fame law* 

Coloured Jhadows are another phenomenon of the fame kind. 
Cpunt Rumford has eftablitbed this fad beyond queftion m 

• • 1 ' two 
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v$0 efiayv where he has treated the fubjeft in a very pleafing 


Mr. Prienr thinks, that thofe appearances of the fofar light alfo light 
received through a hole in a coloured curtain, which General coloured cwr- ** 
-Meufnier had remarked on account of their Angularity, are tain 5 
•alfo to be aferibed to. contraft. With this too he aflimilates 0 P»fci 
feveral cafes of colours difplayed by opals, or, to fyeak more 
generally, by bodies including perceptible opake parts dilte- 
rninated through a tranfparent fubflance. In the fame way old duft on paper 
'he explains the colours under which the grayifh duft colle$ed and cloth> 
by age on 'papers, or on coloured fluffs, appears; and he and blucnefi of 
draws the fame inferences with refpedl to the blueifh appear- the veinl * 

Once of the veins of the human body. 

Helikewife propofes a new method of rendering the colours 
•of contrail very fenflble, more fo than even by the known 
procefs of accidental colours, and neverthelefs without occa- 
fioning any extraordinary fatigue of the eye. This lafl circura- 
. fiance is of no fraall confequence, for every one rauft be aware, 
that fb delicate an organ cannot be ftrained by over exertion 

• without danger. 

This method conflfls, the obferver being in a room with a Method of ren- 
■good light, ih placing againft the window the coloured papers, very 1 fen 
on which he means to obferveihe contrafts in the manned above 
mentioned. The coloured paper ferving as the ground will 
then poflbfs a degree of femitranfparency, while the little flip of 
a different colour placed upon it is more opake, and in the 

• fhade, on account of the double thicknefs of paper; thus 
the colour • produced by the contra A is rendered much more 
finking. 

From this .arrangement too refults the Angularly ftriking Slip of while 
effect of contaft of a little flip of white paper applied fuc- 
ceffivety on paper, glafs, and cloth of a given colour. When glafs, &c. 
the tranfparent body is red, the opake white appears blueifh 
green ; if the ground be orange, it is decidedly blue ; on a 

• yellow ground, a kind of violet ; on a crimfon ground, 
green, &c.; always correfponding eRaftly to the complementary 
colour . 

On this it muft beobferved, thht, according to the rule al- Explanation, 
ready T mentioned, if we abftrad from white, which is a coin- 

♦ See his Philofophical Works, Vol. I. p. 319, and following. 
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pound of mil the coloured rays, the red rays for example, the 
remaining pencil ought to appear a very pale blueifh green; 
but, as in the experiment above the little white flip is in the 
lhade, the black hence arifing may be of a proper degree to 
deftroy the effe6t of the white, and then the blueith green ap- 
pears of a lively tint. The fame reafoning is applicable to tbe 
cafe of all the other colours. 

RetU&ed light To obtain tbe full effect in repeating thefe experiments, we 
be «vowk4. mu ft t a fc e while procoring a favourable light, to guard 

againft the reflexion of adjacent bodies, and agatnft double 
coloured fringes. Thus when the bright Hght Iran fruit ted 
through the window forrounds the traofparent paper, it may 
very fenfibly augment the brightnefs of the colour of contra A, 
or injure it by introducing another tint, according to the colour 
How. of the body 'under observation. We have it always m our 

power, however, to get rid of this fiipercQmpbfition, by taking 
a piece of black cloth or pafteboard to made the otyetit than 
incommoded, or by looking through a blackened tube foas to 
confine the field of vifion to the neceffary extent* 

UTefat In the This knowledge of contrail may be ufefully applied to thtde 
,rU * arts, which are employed on the fubje^t of colours. The 

painter is aware, that it is not a matter of mdiffereitce what 
colour is placed near another; but when he is a c q uain te d 
with the law, to which their a6Hon on each other is fa bfcfterf, 
he will know better what to avoid, and how to difpdfe bis tints, 
fo as to heighten the brilliancy of that which he withes tobrirfg 
forward. Cont rafting them together in fuccefiion* likewife 
affords us valuable indications of their nature and competition 
This the author hiinfelf has put in pra&ice with advantage in 
his manufablory of colours and paper-hangings. 

White appear- Thefe contiderations on contra ft s led him to tbe examination 

loured^lid 0 " a ver y CB k* ^kh Mr. Monge has mentioned add 

through glafi of treated with his ufual fagacity # . Tins cafe is the White ap- 
$e fame hue. pearance, which a coloured body fometimes exhibits when 
viewed through a giafs of the fame hue. There remained 
fome uncertainty refpebtmg the circumftancesxftuelly neceflkry 
for producing this effed ; thefe our author determines by par- 
ticular experiments, and hef enumerates thofc whidi have a 
favourable influence or the contrary. His concldftea is, that, 

+ Am*ktJi cmk> Voi* ni. 

when 
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when we have theperceptioa of wbitenefs in ihefe cafes, it is 
owing folely to the action of contrails, by which the impref- 
fion of the colour is deadened or annihilated; while that of a 
certain degree of brightnefs Hill fubfifift and is notjced from 
the oppofiuenof a ^gr eater degree of. obicurity. This manner New definition 
of considering the fubjed leads to a jieyv definition of wbitenefs o{ wh *wn*fi» 
which has certainly nothing in it inconfifient : while with 
rejped tone the fenftUion qf light, when ho particulur colour pre- 
dominates m it, or is perceived in it . 

* In theiubiequent part of his memoir our author particularly Further fubjedfc 
coofidors the colouring of different opake and tranfparent 
Isodies ; that is fo fay, he inquires what arc the luminous rays 
which a given coloured body is really capable of receding 
or tranfmiuing. 

« His method of making his experiments is fimple. If the Method of 
fobftance be opake, he places it on a piece of black cloth, 
smd oWexves it with the prifm. If it cannot be cut fo as to 
reduce it to a rectangular figure, be covers it with a piece of 
blackened paAebeard, in which there is a rectangular aper- 
ture, Under tbefe cir cum fiances the coloured fringes dif- 
played on two oppofite fides indicate the kind of rays reflect- 
ed, and oonfequenily . thofe abforbed when we know the 
Batura of the illuminating pencil. On which we have farther 
to remark K that, as the fringes are themlelves compound lints* 
the fimple tints that compofe them mult be dilcriminated. 

Their infpe&jotv futfices unexperienced perfon for this; but Con pound dots 
the habit is to be, acquired, and its place fupplied, by taking 
for a. guide papers re pie fern ing each Ipecies of rays, placing How. 
them in their order one upon another, and drawing them back 
in gradation conformably fo their ditference of refrangibility s 
or we may ufo a table confiruded after Newton's method for 
determinfog the compound lints of leveral elementary colours. 

• If the body to be examined be tranfparenl, the aperture in Method of 
the paftehoard juft mentioned will be well adapted to cover it 
when placed again fi the light, fo that the prilm may exhibit ^ 
fringes on iU Or, if the obferver place bimlelf ip the dark, a 
light, as that of a candle, will exhibit through the tranfparent 
fubfiance, by the affi fiance of the priim, a feries of coloured 
images correfponding fo the rays tranfmitted. 

Making his experiments in- this manner, our author difeover- Colours of 
td that feveral opake fubfiences which happened to be at op * kc J od,e * 

hand, forptioQ. 
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hand, of various natures and of all colours, whether yMow 9 ~+ 
orange, red, or green, blue and violet, owed their coloured * 
taws, appearance to the following lawsi 1 A, each of the bodies 

always abforbed t lie rays that were complementary to the pre- 
dominant colour r 2dly, in fomethe abforption included, be- 
fide the complementary fpecies, others collateral to this • 
fperie*, and more or left numerous : 3dly, the deeper a 
colour is, the fewer fpeties of rays it refieds. 

Relates to che- It is to be underftood that mixed colours are not herefpokea. 
pcmnds^not me* °^* ^ ul on ty thofe ^ iat ^° rm a bomogencai compound, or a 
chanical mix- true combination, in tbefenfe in which cbetnifttufe ibis word*' 
tures. Nor mtift the colour reflected from the interior of the molecule.% 

fufceptible of light or deep tints, be confounded with the 
light relieved from the anterior furface of bodies : and though 
this mixes more or lefs with the proper colour. It is eafy to 
dim ini Hr its e(fe6U, and difcriminate them in the experiments. 
Predominant Another remark proper to be made, is, that Jlhe expreffion 
cok>ur * predominant colour muft not be fuppofed to imply, that the 

rays of this colour are more abundant than the reft, which 
would be a mi flake. Several fpecies of rays* may exift to* 
gether in the pencil producing the colour, without any one 
fpecies being for this reafon more abundant. Strictly {peak* 
ing, all the elements of the pencil are diffimilar ; and con* 
fequently no one exifts in it in greater quantity. But the 
general tone of colour remains analogous to that of the rays 
ftyled predominant ; for which reafon it is well to retain the 
term, provided it be not taken in an exaggerated fenfe«> . - 
Tranfparent The author has likewife obferved tranfparent bodice. (uch 
fame law^oT C a9 coloured glals of different forts, and liquors contained in a 
abforption. bottle with two broad parallel tides. For thefo he found the 
fame law of abforption as for opake bodies, but ftill more 
marked, and free from all doubt. 

Its modifies- This law is conftant and regular* It depends po t he nature 
Of the body receiving the light, its denfity* and Rs thtekneft. 
It is* likewife modified by the intenfity of the light of the i L 
laminating body, and the kind of rays that com pole this 
tfght. 

Progrefs of the The abforption always commences with ilia rays m oft 
abforption of O ppofite to the predominant colour of the body illumined. It 

liJ8a goes on t6 thole which come next in the fpeebum $ and thus 

proceed! regularly from one order of rays to the next in fuc# 

celfion. 
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ceffion, never by fits, •till it reaches the lafi. In confequence ' 

the body grows darker and darker, and always finiflies with 
becoming black. Sometimes it extends only on one fide from 
the rays firfi abforbed ; at other times on both (ides at once, 
and either with equal pace, oc more rapidly on one fide than 
on the other. 

If we vary each particular that affe&s the experiment fepe- Change of eir* 
ralely, we (hall have a difiind progrefiion of refulls. That c . um ^ anCf * 
depending on thedenfity of the fubfiance is not always fimnar 
to that arifing from change of tbicknefs. In receiving light 
of different kinds too on the fame fubfiance, the progrefsof 
abforptioo is differently modified, and confequently the colour* 
changed. 

Our author adduces in fiances of all thefe cafes. He takes 
them from the numerous experiments he has made with 
coloured glafs, acid, or alcaline folutions of metals, and fiuids 
tinged by the infufion or decoction of vegetable fubfiaoces. 

Thefe exhibit curious particularities, but we (hall not here 
relate them, both for the (ake of brevity, and becaufe it is 
eafyfer any perfon to obferve them, when once the track is 
pointed out. 

Fatal all thefe observations taken together, many very im- May lead to tho 
portant confequences refpeding the reciprocal adion of bodies cSoirto 
and li^ht an each other are drawn; and perhaps at fome 
future 1 period they will tend to elucidate the grand quefiion 
concerning tbecaufe to which their permanent colours are to 
be aferibed* 

After thefe: hints, the author dedicates a concluding para- Colour of bodies 
graph' to the examination of feveral phenomena of different ^^i^ofin- 
Jcinds. He points out the modifications that coals heated to candefcence. 
different degrees of incandefccnce undergo in their colours. 

His remarks apply to other fubfiances likewife, as iron in the Lamps feen 

Hate of ignition, a long row of lamps with reverberators feen 

through a fog, or a white light feen through a glafs blackened fmoaked glafs, 

by progrefiive applications of fmoke. In all thefe cafes the 

colours necefiarity pefs through a feries of tints from white to 

yellow, orange, and red of a deeper and deeper (hade, the 

reafon of which ho gives. 

Metallic oxides too have a gradation of tints, according to Colours of me- 
4lx>ir proportion of oxigen. A certain continued change in „ 

WgetaltOD the oxigen. 


Digitized by v^ooQle 



Of flowers, tec, 


Ufe to the n 
nufa&urer. 


Coloured clouds. 


Owing to ab- 
sorption of light, 
not to refra&on 


Order of ab» 
ibrptjon. 


Sun mku 


Bine and green 
lhadows, 
owing to coo* 
trad* 


COKS10B* A YIOKS OB COLOOftV. 

vegetation produces (bo fame effed on foa* parts of pbatt* 
The arts and chemical procefies exhibit the lame in a units* 
tudo of circa alliances. 

Hence the raanufadiirer noa y derive with advantage tedica* 
lions either of the progreft of combi eat ions, or of the proper 
inftaot for executing certain parts of his operations* 

Our author next enters snore particularly into the appear, 
•nee of coloured clouds, particularly thofe we te about the 
fifing and fetting of the fun. This phenomenon (b generally 
known, had hitherto remained without explanation, though 
this had been attempted by natural philosophers of the firft 
rank. 

It is not owing to the refradion of the folarrayt, but to the 
fufeeffive absorption of them, when they (kike on the inferior 
parts of the atmofpbere, which are more loaded with vapour. 

This abforption follows laws analogous to thofe already toe*, 
tiened. The quantity of vapours, and even their nature not 
being (he feme every day, produce correfpooding differences 
in their effeds. , 

Commonly the firft rays attacked by thefe vapours are tha 
blue adjacent to the violet. Soon after they attack thecou* 
tiguous rays gaining with more rapidity the blue properly fo 
called;, then, the green, the yellow, and thus proceeding to 
the red. Hence the yellowifh, orange, and red celoars 
exhibited by the clouds. This period of tints, the- evening 
for example* difplays Ufelf gradually as tbe fun approaches 
the horizon. The fame hues tinge terrefirial obje&s, tbe part 
of the air neareft the fun, and this luminary itfelf. According* 
ly when'we can receive its rays on a prifm, we perceive (hat 
tbe rays a&ually abforbed correfpond to the general tint of 
the moment. 

From tbe fucceflive iocreafe of the vapours travorfed by 
the light in thicknefs anddenfity, it follows Ukewifc, that at 
the feme inftanl clouds differently placed muft be clothed ia 
different hues. The higheft may be white, while others not 
fo high are yellow, and others (till lower proportionately more 
red. At equal elevations thofe furlhefi from the point where 
the fun fets will incline to red, and thofe neareft it to yellow. 

We may then fee blue or green (hadows on bodies naturally 
white, as Buffoo and other philofophers have obferued. Thefe, 
as has been faid, are nothing more than tbe effed of contrail 

between 
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between the adual colour of the part enlightened, and that 
of the part in (hade. 

Contrails may likewife render the colour of the clouds com- Contraftt aflfcft 
plicated, as for inflarrce, when a great portion of the iky dif-doiidi. 
plays its blue tint. There are feme clouds, the colour of 
which a riles folely from (bis caufo ; and luob may be fceo at 
times in the middle of the day, when we have a lofty moon- t 

tain at our back, or are ia any other filiation where the eye 
is defended from the toe powerful a&ien of the Tolar light# 
cither direct or refle&ed; but in this cafe the clouds have 
only a yeilowifh tinge# pracifely the complementary colour 
of iky blue. 

• Sometimes we fee the moon of a fimilar colour, when The Mooa. 
it is very high, a liule before or after the fun pafles the 
the horizon 9 farther it appears thus, or even completely 
while, when- clouds varioufty coloured by the vapors of fun— 
fet or fun-rife exift in the a>r at the fame time. From this 
concurrence of orcumflanees we have a new proof of the 
difference of caufes to which thefe colours are owing: 
j Lafrly let us remark, that from the irregularity of the earth's 
fu/lace, and of the Hate of the atmofphere# the phenomena 
are liable to be concealed or fubjelted to various interruptions. 

In ot»r chmrate the colouring of the clouds feldom readies its 
hrihftage. On fome evenings however, when the Iky is very Red clouds 
clear toward the part where the Sun fets, while light clouds 
float very high over our heads, we (hall fee thefe at a fab* 
fequent period appearing of a very light red, heightened by 
the diminution of light on the earth, foon after obfeured, and 
lit length becoming extinct in (hade. 

Conclufion. 

Notwithflanding the many beautiful difeoveries already The theoryof 
made refpedbng light, the theory of the prodadion of colours impcf * 
has not yet attained a degree of generalization that render's 
It applicable to all cafes, or that fimplicity of principles to 
which we are almofl always led when we have difeovered the 
real laws ef nature. Many phenomena have eluded ex- 
planation, and that given of feveral requires correction. Our 
author has propofed to eftablifh alterations m the theory, the 
sieceffity of which he points out. He fupports his principles 
partly by the do&rine and falls generally admitted ; partly 
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by others lefs commonly known, though of ancient date; 
latlly by obfervation* of his own. He is far from flattering 
himfelf, however, (hat a (ketch like the prefent exhibits the 
matter hi a fa it able light; and was (ooo aware that a fobjed 
fb extenfive itfid fo complicated required maSorer labours. 

To AH tip many gaps, unfold various points, end correct 
and extend others by farther researches, new experiments^ 
and profound reflexions, is an ample held of improvement ; 
and this he wdl attempt, if bis powers and his ieifure will 
permit. 

It would likewife be ufefcl, as well as ju#, to give at the 
feme time an abftraft of what we owe to the genius of the 
great Newton, who opened the career in fuch an admirable 
wanner, and to thofe philofophers who have difeovered new 
feCfs, or removed difficulties. Greater precifton alfo (hould 
be introduced into the language which we employ refpe&ing 
colours, proportionate to the increase of our knowledge, and 
the a&ual (late of the arts and fciences. Laftly, in a fubjeCI 
Mke the prefent, it would not be too much to add the resource* 
of algebra and geometry to the treafures of experiment^ and 
tf poffibfe to the advantages of a better method* 


X. 

Report made by the Phyfical and Mathematical Clafi if the 
tuie in Anfwer to the Qucftion, whether thofe Manufactories, 
from which a difagreeuble Smell arifes , may prove injurious to 
Health . Read ia the Sitting of January , 18Q.J, by Mejfrs % 
Guyton-Mokveau and Chaptal* 

THE minifler of the home-department has confulted the 
clafs on aqueftion, the folution of which is of eflential import 
to our manufacturers. 

The object is to determine, whether the vicinity of certain 
manufactories can be injurious to health. 

The folution of this problem mud appear of the more con- 
fequence, as, from the confidence which the decifions of the 
Inflitute naturally merit, it may hereafter form the bafis of 

♦ Thrttflated from the JnnaUs de Cbhnie, vobLPWp. 86, for 
AptH, 1805. “ 

decifiom 
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docifions in a court of juftice, when fentence is to be pro- 
nounced between the fate of a manufactory and the health of 
our fellow-citizens. 

ThefoJution is fomuch the more important, it is become fo 
much the more neceflary, as the fate of the moft ufeful ofla- 
bli foments, I will fay more, the exigence of many arts, has 
depended hitherto on firople regulations of police; and that 
fpcoe, driven to a distance from materials, from workmen, or 
from containers, by prejudice, ignorance, or jealoufy, conti*. 
nue to maintain a difad vanlageous druggie again 11 innumerable 
obdadet, by which their growth isoppofed. 

Thus we have taen manufactories of acids, of fal ammoniac, Manufa&orie* 
of Pruffian blue, of beer, and of leather, fuccefliveiy bani(h*- ob j e ^^ 
ed from cities; and we daily fee appeals to authority again ft 
theta edablifomenU made by troublefome neighbours or jealou* 
rivals. 

As long as the fate of thefe manufadories is iotacure, as long Disadvantage of 
as an arbitrary legiflalion poffciTe* a right to interrupt,, fufpend, j^ n 5 no 
or fetter the hands of a manufacture; in a word, as long as a 
ftmple magi ft rate of police has at his nod the fortune or ruin of 
a manufacturer, how can we conceive, that he will be fo im- 
prudent as to engage in undertakings of fuch a nature? How 
could it be expeded, that manufacturing induftry (hould efla- 
blifh itfelf on fuch a frail bads? This (late of uncertainly 9 this 
continual conteft between the manufacturer and his neighbours, 
this perpetual doubt refpeding the fate of an ed^bliflinrent, 
paralyfe and confine the efForts of the manufadurer, and gra- 
dually extingaifh both his courage and his powers. 

Il is an objed of primary neceflity therefore to the prof*, 
perity of the arts, that lines (hould be drawn, fo as no longer 
to leave any thing at the arbitrary will of the magiftrate; to 
point out to the manufodurer the circle in which he may exert 
bis indudry with freedom and fecurity, and to allure the neigh* 
bouring proprietor, that he has nothing to fear for his health, 
or for the produce of his fields. 

To arrive at the folution of this important problem, it ap- 
peared to us indifpenfable, that we (hould take a view' of each 
of the arts, againd which the molt clamour has been railed. 

With this view we (hall divide them into two clafles. The Cbflification 
jirft will comprife all tliofe, the proccdes of which allow aeri- ^^ c ^ l0,wUc 
form emanations lo efcapc from them into the atmofphere, either 

to 
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in confequence of putrefa&ion or fermentation, which may bt 
deemed nuifances from (heir ftnell, or dangerous from theik 
effecls. 

The fecond clafs wifi include all thefe, in which the artift, 
operating by (he aid of lire, det dopes and evolves in air or 
vapour various principles, which are more or lefe difagreeable 
to refpire, and reputed more or lefs injurious to health. > 

In (lie fir ft clefs we may advert to the fteepmg of flax and 
hemp, the making of catgut, fiaughter-hou fes, ftarch-manu- 
Tories, tanneries, breweries, &c. 

In the fecond, the diftillation of acids, of fpiritsy and of 
animal iubftances; gilding on metals, preparations of tend, 
copper, and mercury, $zc. 

The arts of the firft clafs, confidered m relation to the health 
of the public, merit particular attention, becaufe the emana- 
tions that proceed from fermentation or putrefaction are really 
injurious to health in fome cafes, and under certain ciremn- 
ftances: the fteeping of flax and hemp for inftance, which b 
performed in ponds or ftill waters, infers the air and kilk 
fifties ; and the difeafes to which it gives rife are aft known 
and defaribed: Accordingly wife regulations have aim oft 
every where enjoined, that this operation ftioeid be car- 
ried on without the precinfts of towrts, at a certain diftanea 
from every dwelling, and in waters, the fifti of which ooofti- 
tute no refource for the public. Thefe regulations unquctiioiw 
ably ought to be continued ; bat as the execution of them is 
attended with fome inconvenience, k is to he wiftied, that 
the procefs of Mr. Brale, the fuperiority of which has bam 
confirmed by Meftfrs. Mongez, Berthollet, Teflier,a«*k Mblard, 
fliould foon become known and adopted. 

Other operations on vegetables, or certain prodttds trf ve- 
getation, to obtain fermented liquors, as in breweries; to ext rad 
colours, as in the man u failures of litmus, archil, and indigo; 
or to dhreft them of fome of their principles, as in manufac- 
tories of ftarch, paper, &c. do not appear to us of fiich -a na- 
ture 89 to be capable of exciting any difquietude in the mind 
of the magiftrate. At aH event* the emanations aril! ng from 
thefe fofeftances in a ftdte of fermentation can prove dangerous 
only near the veffels and apparatus in which they are con- 
fined, coating to be fo the moment they are mingled with the 
open air; fo that a little p rudence only is required, iownrid-alt 
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Amger from them. fiefxies, the danger aflfe&s only tbe nsu 
nufa&urers thetnfcjves, and by no means the inhabitants of the 
neighbouring houfes, fo that a regulation enjoining IbeCis rash 
nu factories to be removed out of towns and to a diftance from 
any dwelling-hoofe, wowld be an aft of authority both unjuft, 
vexatious, and injurious to the progrefs of manufactures, and 
in no refped a remedy for the evds attending the operation. 

8ome preparations- extracted from animal fub fiances require Catgut* 
tbe putrefaction of ibefe fob (lances, as in the fabrication of 
catgut; but it is more frequently the cafe, that animal fub* 
fiances employed in manufactures ore liable to putrefaction from 
being kept too long* or expofed to too great warmth, as wa 
particularly find in dyeing cotton red, a procefs in which a Dyeing cotton 
large quantity of blood is employed. The miafmata exhaled rcd# 
by thefa putrid matters fpremd far round, and farm a very dif- 
agreeable atmosphere for all the neighbourhood to breathe; it 
is the part of a good government, therefore, to caufe ftbefe 
fabftances to be renewed fa as to prevent potrefe&ion, and 
the manufactory to be kept fb far dean, that no refufe of the 
ankiial fabftances employed (haH be left to rot in them. 

In Ibis Jaft point of view Daughter -hoeies exhibit fame im Slaughter* 
cooveuiencies ; but they are not of lufficient importance to re- houfei. 
quire them to be placed without tbe precious of towns, and 
uflfamMed together in one fpot, as fpeculative men are daily 
proposing to government. A little attention on the part of 
tbe aiagi&rate, to prevent butchers from throwing out the blood 
and refufe of tbe beads they kill, would be fafficient to remedy 
completely every thing difgufling or unhealthy ariling from 
flaegbter-hoiifos. 

The fabrication of pnudrcttt (nigbidbd dried) begins to be.Poudrctte, 
eftablifbed in all the large towns of France, and the operation 
by .which excremenljifaus fabftances are reduced to this Ante, 
nocefiarily occafieos a very difag rcembJe fmell far a fang time. 
EfiabbAxsents of tbi* kind therefore ought to be confused to 
aicy places* remote from any f habitation ; net -that we coniidcr 
the aeriform exhalations from them as injurious to health; hat 
no one can (deny, that limy are incommoding, aotfame, d It 
. agreeable* aod difficult to breathe, on «H which aooouais they 
ought 4a beremored la a dt rta a rc from 4he dwellings of menu 


. There is a very important obferuation to be coade on the Animal putrt- 

AmuIumous decompaAifam of animal ifaftaacos, which fa, ^on danger- 
^ . , ous only in pro* 

O that portion to its 
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that (He emanations from them appear to be fo much tile If ? ft 
dangerous, as the fubftances which undergo putrefaction are lefa 
humid: in the latter cafe, aconfiderable quantity of carbonate 
of ammonia is evolved, which imparts its predominant charac- 
ter to the other matters volati I ifed, and corrects the bad efFe&i 
of fuch as are deleterious. Thus the decompofition of fter- 
cocaceons matters in the open air, and in places tfie fituation 
and declivity of which allow the fluids to drain ofF, artd that 
of the refute of the cocoons of the (ilk- worm evolve a vaft 
quantity of carbonate of ammonia, which corre6ts the virus 
of fome other emanations? while the very fame Tut* fiances, 
decomposed in water or drenched with this fluid, exhalefweet- 
kfh and naufeoas miafmata, the refpiratkm of Which is very 
dangerous, 

• The numerous arts in which the manufacturer produce* and 
diffufes in the air, in confequence of his proceflfes aOdbylhe 
help of fire, vapours more or lei’s difagreeable tt> breathe,' eon- 
ftitute the fecond clafs of thole we have to example. 1 

Tbefe, more interefting than the former, and ntocto' shore 
intimately connected with the profperity of our national in- 
daftry, are (till oftener the fubje& of complaints brought be- 
fore the magi ft rate for decifion, and on this account have ap- 
peared to us to require more particular attention. 

We will begin our examination with the mannfafitafe of 
acids. ’ 

The acids that may excite complaints of the neighbours 
againft their preparation are the fuiphuric, nitric, mu iristic and 
acetous. 

The fuiphuric acid is obtained by the com bullion of * mix. 
tore of fulphur and nitre. It is very difficult in this prooefs to 
■prevent a more or lefs obfervable fmeli of fulpborous acid 
iirom being diftufed around the apparatus, in which the coro- 
buftton is performed; but in menufa&ories fkil folly cOnduded 
this fmeU is fcaeceiy perceptible within the building iNetf; is 
not dangerous to the workmen who refpire it daily, aftd can 
-give no reasonable foundation for complaint to the helgffooars. 
When the art of making fulphuric acid was introduced* into 
France, the public opinion was ftrongiy exp r died againft the 
fieft eftabliftiments for the* pur pole; the fmeli .of the match 
witbivhioh. we kindle our fires contributed 1 no£ a^ittfwta ex- 
aggerate the efftGL that mud be produced by the rapid copa- 
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imfiion of feveral hundred weight of brimftone; but men's 
•fears on this head are now fo touch allayed, that we fee fe- 
veral of thefe manufactories profper in peace in the nltdft of 
our cities. . 

The diftillation of aqua fertisand fpirit of felt, in other Aqua fords et 
words, of the nitric and muriatic acids, are not more danger- 
ous than that of fulphuric acid. The whole of the procefs is 
performed in an apparatus of glafs or earthen-ware, and it is 
Tinqueftiooably the great iatereft of the manufaclarer to dimi- 
nifh die volatilization or lofs of the acid as much as potfibie. 

Yet, Jet him pay whatever attention he will to this, the ar - 
breathed in the manufactory is always impregnated with the 
. froell peculiar to each of tliefe adds; but you may refpire there 
freely and fafely, the men who work, in it daily are notat ad 
incommoded by if, and the neigbboars would be very much in 
the wrong to complain. 

Since the manufactories of white lead, of verdigris, and of Vinegar, 
fugar of lead have increafed in France, the demand for vine- 
gar. has been enlarged. 

When this acid isdiftilled, to fit it for feme of thepurpofe* Diftilled vine- 
for which it is ufed, itdiffuferto a diftanoe<a very ftrongfmdll * ar * 
of vinegar, in which there is no danger; but when a (dution 
of lead in this acid is evaporated, the vapour* a (Tu me a fweet- 
iihchara&er,and produce in thofe who refptre them conftantly 
all the efle&s peculiar to the emanations of lead itfelf. Hap. 
pily thefe eflfe&s are confined to the people who worlc in the 
manufactory, and are onfelt by thofe who dwell in the vtci- 
nity. 

♦The preparations of mercury and of lead, Shefeof copper, Mineral pre 
•antimony, and arfenic, and the procdTes of gi Mir g on. metals, 

-are none of them- without feme danger to the perfons who re- 
ticle ini thofe manufactories, and are concerned in the opera- 
tions; but their effects are bounded by the waHs within which 
♦they are carried on, and are dangerous only to the perfon* 
xonqerned in the manufactories. It is an objedfc well worthy 
the^tttemiooof che milts, to iitveiligaie the means of prevent* 

* ing thefe injurious eflfefts, and indeed many of the mconVeni- 
. encies have already been prevented by the help of chimneys, 

: which convey the vapours into the air out of the reach of -ret* 

, pi ration ; and at prefent the whole attention of adminiAratiton 
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ought to be confined to directing fcience toward the meani of 
improvement of which thefe procefles are fufceptible with re- 
gard to health. 

The fabrication of Pruflian blue, and the extraction of car* 
bonate of ammonia by the diftillation of animal fubftances in 
the new manufactories of fal ammoniac, produce a large 
quantity of fetid vapours or exhalations. Thefe exhalations 
k is true, are not injurious to health; but as it is not fttfficienft 
to conftitute a good neighbour, not to be a dangerous one 
merely, but not even to be a difagreeable one, they who on* 
dertake fuch manufactures, when they have to feek a fituation 
for them, fhould prefer one remote from any dwefliog-hpufe. 
But when fuch a manufactory is already eflablitbed, we would 
be far from advifing the magiftrate to order Us removal: k 
would be fufficient in fuch cafes, to oblige the manufacturer to 
build very high chimneys, that the difagreeable vapours pro-^ 
duced in thefe operations may be diflipated in the air. This is 
particularly practicable for the fabrication of Prufiian blue, and 
by adopting it one of our number has continued to retain ip 
the mid# of Paris one of the molt important manufactories of 
this kind we have, again# which the neighbours had already 
leagued. 

In the report we lay before the clafs we have thought k oar 
doty to attend only to the principal manufactories, ngainft 
which violent clamours have been raffed at divers lirpes and 
places. It is eafy to fee, from what has been raid, that, there 
are but few the vicinity of which is injurious to health. 

Hence we cannot too ftrongly exhort thofe magiftrate* who 
have the health and fafety of the public committed I# their 
* charge, to difregard the unfounded complaints, which, toe 

frequently brought ngainft different eftabliftunenis, daily threat- 
en the profperity of the hone# manufacturer, check (be pro- 
gref* of induftry, and endanger the fate of art itfelf. 

They (hould not The magiftrate ought to be on his guard again# the pro- 
Kften too readily ceedings of a reft lets or jealous neighbour; be (hould carefully 
diftinguitb what is only difagreeable or inconvenient from what 
is dangerous or injurious; be (hould recoiled th|t the* u fa of 
pit-coal was long prefcribed, under the frivolous pretence that 
it was injurious to health ; in (horf, be (hould by fully aware 
of this truth, tlrat, by liftening to complaints of this nature, 
mot only would the eftabli&raent of feveral ufeful arts in France 


Few injurious 
to health. 


Caution to 
ADSpftrates. 


to oomphunts. 
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be prevented, bat we (hould infenfibly drive out of our cities 
the farriers, carpenters, joiners, bratiers, coopers, founders, Disagreeable 
weavers, and all whofe occupation is more or lefs difagreeable 
to their neighbours. For certainly the employments juft time, 
named are more unpleafant to live near than the manufactories 
mentioned above, and the only advantage they enjoy is that 
of ancient praftice. This right of toleration has been efta- 
blifhed by time and neceflity ; let us not doubt therefore, but 
our manufactures, when grown older and better known, will 
peaceably enjoy the fame advantage in fociety; in the mean 
♦ime we are of opinion, that the clafs ought to avail itfelf of 
this circumftance, to put them in a particular manner under 
the protection of government, and declare publicly, that the 
manufactures of acid*, i'al ammoniac, Pruflian blue, fugar of Manufraures 
lead, white lead, ftarch, beer, and leather, as well as ftaugh- ° U 
ter-houfes, are not injurious to the health of the vicinity, when 
they are properly conduced. 

We cannot fay as much for (he fteeping of hemp, making Injurious man»« 
catgut, Iayftalls, and in general eftablithments where a large * id * ures * 
quantity of animal or vegetable matter is fubjeCted to humid 
putrefaClion. In all thefe cafes, betide the difagreeable fraell 
they exhale, miafmata, more or lefs deleterious, are evolved. 

We muft add, that, though the manufactories of which we Manufactures 
have already fpoken, and which we have confidered as not in- rft . 

jurious to the health of the neighbourhood, ought not to be ftriCtions. 
removed, yet adminiftration tbould be requefted to watch over 
them ftri&ly, and confult with well-informed perfons for pre- 
feribing to the conductors the moft proper meafures for pre- 
venting their fmoke and fmell from being diffufed in the vici- 
nity. This end may be attained by improving the procefiesof 
the manufactures, raifing the outer walls, fo that the vapours 
may not be diffufed among the neighbours; improving the 
management of the fires, which may be done to fuch a point, 
that all the fmoke (hall be burnt in the fire-place, or depofited 
in the tunnels of long chimneys; and maintaining the utmoft 
cleanlinefs in the manufactories, fo that nothing (ball be left to 
putrify in them, and all the refufe capable of fermentation be 
loft in deep wells, and prevented from any way incommoding 
the neighbours. 

We fhall obferve too, that when new manufactories of Xcw mantfac- 

Pruflian blue, Fal amm6niac, leather, ftarch, or any other ar- TO,IM ’ 
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tide by which vapours very inconvenient to the neighbours, 
or danger of fire or expjofions are to be eftablifbed, it would 
be wife, juft, and prudent, to lay down as a principle, that 
they are not to be admitted iqto cities, or near dwellings* 
without fpecial authority; and that, if perfpns qegled to 
comply with this indifpenfable condition, their manufactories 
may be ordered to be removed without any indemnification. • 
It follows iron our report, 1ft, that catgut manafadories, 
tayftalls, deeping of berap, and every eftabliftunant in which 
animal or vegetable matters are heaped together to petrify in 
large quantities, are injurious to health, and ought to be re^ 
mote from towns and every dwelling hoafe: 2diy, that ma« 
n a factories where disagreeable fmells are oocafioned through 
the adion of fire, as in the making of acids, Fruffian blue, 
gad fid ammoniac, are dangerous : to the neighbours only front 
want of due precautions, and that the .cars of government 
fhould extend only to an tdive and enlightened foperintendr 
ance, having for its objeds the improvement of their proceftes 
and of the management of the fire, and the maintenance of 
deanlinefs: Sdly, that it would be worthy a good add wife 
government, to make regulations prohibiting 4he fiit|iro efia- 
bhfliment of any manufadure* the vicinity! of < which is at* 
tended with any efleqtial inconvenience or danger, 4n towns 
or near dwelling-houfes, without fpecial authority pre*ioufly 
obtained. In this clafs may he comprifed the fnarpife&ories 
of poudrette, leather, and (larch ; foundries, melting boufes 
for tallow, daughter houfet, rag warehouses, manufactories 
of Fruffian blue, varnfth, glue and fal ammoniac, potteries, 

&C. ' hi 

Such are the conclufions which we have the honour to lay 
before th$ clafs,* and addraded to government, with invita* 

* to make it thebafe of its decifion*. 

* i “ t * 

or, > * Thefc ccuelufiont were adopted by shtlnititucm 

z - 1 «'■ * '■* * ’ * ’ " ’ > ‘“* 

. . r v- * v -J* * ,* - . . ' * * '!*».' 1 

l 
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XI. 

Jb&f relative to the Torpid Slate qf the North American Alligator * . 

By Benjamin Smith Babton, M. D. *. r 

It has not, I think, been remarked by the generality oF the 
writers 00 natural hiflory, that the North American Alligator 
pafles daring the prevalence of cold weather, into the torpid 
Bate. This however, is unqueftionably the cafe in fome parts 
of the continent. 

Mr. Boifu, a French writer, after telling us that thefe Account by 
animals are numerous in the Bed River, one of the wefterd Bo ® 1 ’ 
branches of the MtfSfBppi, lays, u they are torpid during the 
cold weather, and lie in the mud with their mouths open, into 
which, the fifti enter as into a funnel, and neither Advance 
nor go beck. The Indians then get upon their backs, and 
kill them by Striking their heads with hatchets, and this is a 
kind of diverfion for them f. 

..Dr* Fofter, the tranflator of the work, obferves in the pre-*' 
ceding paflage^; * that the circumflance of the alligator’s 
being torpid during winter is quite new, and very remarkable 
for natural hifiory.” It teems (he adds) almotl all the data of 
animals called amphibia , by Dr. Linnaeus, when found in cold 
climates grow torpid during winter. 

In addition to the authority of Mr. BofTu, I rtky here Another tc« 
mention theJbllowing fad, which was communicated to me GnSum. Mr# 
about the year 1785, by a Mr^Qraham, at timt* time a 'very 
intelligent ftudent of medicine in the Univerfity of PeniK 
fylvania. 

“ The alligator having prevfbufly fwallowed a comber of The 
pine-knots, retires to his fible, where he temafos in a torpid j^ou ptevte«s 
Bate, during the fe verity of winter. If killed at this feafon, to becosaaf 
thefe knots are found highly poliftied by thair trituration one. t0r * ,d# 
again# the other in the animal's ftomach, as I have mare 
than once heard from men of undoubted veracity, who had 


* From “ the Philadelphia Medical and Phyfical Journal*'. Col* 
leded and arranged by Ben. Smith Barton, M. D. It is pnblifhed 
in half yearly Numbers, the firft of which appeared in November, 
1804. 

+ Travels through that part of North America* formerly caUe& 
Ifltiliiaaa* Engliih Tranflation, Vol.I. p. 367 % ^.J.osdon 1771. 

K 2 been 
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been concerned in the fad. Indeed this is fo notorious r* 
thofe parts in which thefe creatures abound, that the digeftion 
of the alligator's ftomach is proverbial amongft the multitude, 
who deride its infipidity inHhe choice of fuch food* though, T 
prefume, this it does inftindively, for fome 1 purpofe unaccounted 
for by natijralifts; and which# perhaps is beypnd the limits of 
human ken.” 

The fad related by Mr. Graham, relates to th$ alligator of 
the Carolir.as, in wfyich parts pf the United States this animal 
is very common. By another gentleman I have been in- 
formed, that the pine knots which the alligators fws^low are 
generally fuch as are very abundant in turpentine* I have alfo 
been allured, by my friend Mr. William Bartram, that he has 
feen a brick-bat which was taken out of the ifomach of an 
alligator, and that it was worn quite found* 

Mr. Lawfon (ays, that the alligator is not feen to the North 
of Nbrth-Carolina. They are very common at .Cape-Fear in 
latitude 34% One twelve feet in Jength has been feen at this, 
place* On the Atlantic fide , of Ihe United States I am not 
able to trace them farther than the AITjgatb^ Di final S wamp," 
which is between Edenton and Newbern in North-Ca^olina* 
The mouth of the Red River in latitude 3l. 

Within the trad of country juft jnentiohed, .the alligator 
obeying the impulfe of the climate, paftes into the torpid ftate. 

. In North-Carolina this takes place about the niiddle of 
November, iooner or later, according to the ftate of the 
feafon* Whether the animal.becomes torpid in more Southern 
parts of the Continent, I have not been able to learn. On 
the river St. John in Eaft Florida, they have been (een awake 
even in the middle of winter, but it was remarked (Bat they 
Deemed dull and ftupfd. It has alfo been obferved, that they 
are accuftomed to frequent the warm fprings which are fi> 
abundant in tlm part of the Continent j and that they are 
fond of I) ing in thefe fprings. Perhaps the beat of thefe 
fprings may be fufKcient to prevent them from becoming torpid* 
But it muft be obferved, that* a deficiency of heat is not the 
only caufe of the torpid {Condition of -animals, 
fclt may not; perhaps be an qafy talk to afijgn a fatisfadory 
caufe Jor the fipgular, inftindive appetite, which leal* the 
alligator, before going into the torpid ftate, to fwaltow pine-, 
knots, and other fome what fimilar.fobftances. But 1 ap- 
* $ prebend I 
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{nrebend that thefe fubftances, when taken In by the animal, 
a & in fome meafure ^y keeping up a certain degree of adion 
in its ftomach, and confequently in every part of the fyftem, 
and thereby prevents the cteath of the animal, which might 
otherwife be deftroyed by the long continued application of 
cold. Some fa£ls mentioned by Dr, Pallas, though they re- 
fped a very different family of animals, render this conjedure 
. not a little ptyuilble 

This fubjed is wqrthy of more attention. In particular, ,2t 
will be well to enquire, whether the alligator does fwallow 
pine-knots, (tones, &c. in thofe parts of America in which it 
does not paf? ipto the torpid (late. f 

xn. 

Objervations and Experiments on the conducing Power qf Fluids , 

By T, S. Traill, M. D . From the Author . 

To Mr. NICHOLSON. 

SIR, Liverpool, Sept, 10, 1805. 

If you think the following observations and experiments 
worthy of a place in' your excellent Journal, your inferring 

* them will oblige/ , 

Your obedient fervanf, 

J. $. TRAILL, M. D. 

: Count Rumford was the firft who maintained that fluids DoAnne of 
mrf absolute non-condudors of caloric- This conclufion he 
drew from the interesting fad he bad difeovered, of the ex- are 
treme flownefs with which ice melted when a (ha turn of cold of boat, 
water was inttrpofed between it and the heated body. He contrOTertci# 
imagines that it was always melted in fuch ciroumflances, 
either by currents produced, in fome of them by changes in 
ipecific gravity, or by the tranfroitflon of caloric through the 
(ides of the containing veflfel. The experiments of this illus- 
trious philofopher have roufed the attention of the learned, 
god to the united labours of yourfelf, of Thomfon, of Dalton, 

* ♦ Jliftoria GKrium> 

and 
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«t9 tof Marmy, vrt *re indebted far an favefttgUSoii 'oHfih 
CMnuYofjtnrofts, the tefuftref wbidh feautobe, that fioide 
ere not abfolate non-cmduGtort of oalok^C, ' •*<•"* • 

Sxperimentiof 'Y^ietntperirtiehttrof Bfchowand Thtmifonhareprowd, that 
fcn^Nichoifonj of can«)it» r fuch'fcs defctibed by ftnmford, 

and Murray, *nhy be often tttefbry and frOnrthofer of NichoHbp, and froih 
confidcrcd by fifft experiment*, we bavd’ita&g teafentf for fop- 

poftng, that the* temperature was affe&ed ‘by the cotida&kig 
ptriter of the fluids employed; %nt in m^it)phiioii the experi- 
' therfts of Murray wftlv a cyliedet of ice, drfe the moft com* 

^teffedbmonftration of this<contefted point: in a krte paper, 
inferted in the Tranfa&ionsof the 'Royal' Society of XiOddon, 
CeuntRomford en dea v ours to obviftte Aefe 
* hypothetic, in hia-ufmd ingenious manner. 

It is not appre- Even admitting that in ybmr experiments the caloric wa* 
experiment of^ tranfttlltted foddy by the containing veffd fan opinion by no 
Murray could be'medfls probable), and that currents, fuchfesRumford deferibei, 
affected by cur- h ave a }j t h e e ff e £^ he attributes to them in certain cafes ; Bill 
* the experiments of. Mr. Murray appear -to me AttmlroverU 
lble. It was not, therefore, without furprife, that I eb- 
■ftrt’Ved'hfnrtife* the fcflewing argument to invalidate-! heir re- 
fu Its : " When that veflel is eonftrafied of ice, the flowing 
> 94 down of the water; refuhing from the thawing of the ice, 
r# * ^will caufe’ motions in the liquid, and conrequently inaccu- 
44 fades of flill greater moment via. thda f thofe produced 
by the conducing powers of the fides of the veCel. Now the 
Welting of the ice could a£Fe& the thermometer ogjjy by being 
itfelf heated, and then trickling down the tides of 1 the cy- 
i Bade r of ice. Bet it apprehend, the water vaAritiHgdromkhe 
na eking of the ioe could not gate abigfcer tewpeeatune than 
3£° F; while k reeuriaed feroontoft wirit iee» If »w mix even 
riqoal parts of wader at lTf° and icej wedo nolfwdlthat the 
' pen tare of the mixtoneis a ib***>339t M iud)>a» large 

quantity of water Cannot maintain ks teropeeatare inooDtad 
with we, cah we> foppofe that hsch ju^pnali quantity aa was 
formed could rile to a higher while tfidrtiag tdowa the Me* 
Of a thick cylinder of ice. i ■ . i * i !> 

and certainty not Bat even this explanation of the phenomenon a dv anc e d by 
C ury ^ a Teffel Rum fold, is entirety wnrppiicebJe tatfce experiment 

aficc. with mercury; for the drops of water formed could not pot 

fibly fink in a fluid 4b hmch tnore tlhnfe, nor throw it into 
fcUrren ts which could reach the thermometer. 

3 Befidet 
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Befides tliofe moft ingenious experiments devifed by Murray, Proofs that 
we have other proofs of the conducing power of liquids in 
feveral well known fads. 

1/?. It the noiuconduAing power of liquids have any mean- i. They take a 
ing, it muft fignify that their particles are incapable of com- 
municating to each other the temperature they have acquired mixing, 
by phyfical contact with fome other body, whofe temperature 
was elevated. If this were true, how (hall we account for 
the mean temperature produced by mixing equal quantities 
of hot and cold water? Rumford, if I recollect aiight, has 
endeavoured to obviate this objection to his hypothecs by 
fuppofing, that it is only an intimate mixture of hot and 
cold particles which takes place in fuch cafes. If this were 
true, we fliould exped, from the rapid motion he fuppofes 
the currents to have in liquids that are heated, that they 
would loon feparate into warmer and colder tlrata, from the 
difference in their fpecific gravities : This however is not the 
cafe: The whole acquires a uniform temperature, 

‘2d. When mercury and water at different temperatures a. More partl- 

are mixed, an interchange of caloric takes place. From the cu l ar ijL w * lier 

and mercury, 

very g rea t difference of their fpecific gravities we cannot 
fuppole that every particle of the one has been in contact 
with every particle of the other; yet they foon acquire a 
common temperature, which though not a mean, has always 
a condant relation to the temperature of the two fluids before 
mixture. Does not this indicate a confjderable conducing 
power in thofe liquids ? Indeed, I cannot conceive that any 
interchange of temperature could lake place in fuch cafes, if 
the particles of the liquids were incapable of communicating 
their caloric to the next particles. 

3rd. The beautiful experiment devifed by Rumford, in 3 . The vefftl Is 
which water, in a glafs lube, was made to boil over a cake c ° n " 

of ;ce, by the application of a heated body to the upper part count for the 
of the containing tube, without, for a very long time, afleding 
the ice, is a fufficient proof of the (lownefs with which glafs tfine ©fc. rT" 
tranfmils caloric, and clearly indicates that the Odes of the 
veflcl in feveral of the experiments of the above-mentipned 
philofophers, could not be the foie conduding medium. 

•k/i. The fixteenth experiment in Rumt'ord's feventh effay, 4 * Hot whter 
affords another argument againft his opinion. He poured J ts not^a^Te 
boiling water on a ftratura of cold water, which refted on a its temperature 

cake ** currentt. 
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cake of ice in the bottom of a jar ; be foand that near lb* 
furface of the ice the temperature was 40°,. at the diftance o£ 
three inches it was 159°, but at the diftanc^ of fevep inches 
it was only Dad the cold water acquired its elevation 

of temperature by the currents produced, or by* the (ides of 
the veftel, we ought* I apprehend* to have, found the tent* 
peratore fpreading more uniformly : but though the jSrfl four 
inches only differ by one degree, we fipd the next three dif* 
fering by 1 19 degrees. 

* fl^down* ^ liquids were abfolute non-conduftors of caloric* it 

wiidsl " would neceflarily fallow, dial when caloric wa^apphed to the 

ppper furface of different liquids, other circum fiance* re* 
xnaining unchanged, e n 4 provided the liquid did not increafe 
in fpecific gravity by cooling, equal increments of temperature 
would tqke place 17} equal times • 

Apparatus for From feveral experiments it is probable, that fame liquids 
Sneering conduct caloric more rapidly than others. The following 
heat downwards were undertaken with a view to ascertain more accurately 
through fluids, ppint : How far I have fucceeded I le^ve you to judge : 

A cylindrical veffel was turned out of wopd, having i(y 
tides 0.5 inch thick ; its height four inches* and its diameter 
two. It has a moveable wooden top or cover perforated with 
a hole in its centre a little more than an inch in diameter, into 
which iron cylinder of one inch in diameter could be eafily 
introduced. This cylinder is fupported by a (light ,$anch or 
fhoulder-piece, and can be taken up by means of a tiring at- 
tached to its top. When the iron bar is in its pfoce, its ffot 
lower extremity is 0.5 inch diftant from the hulb of ^ delicate 
mercurial thermometer D E, which is fixed by wax* in a hole 
perforating the cylinder near its bottom* Th‘ s thermometer* 
Which was made by the lute JUtnfden, has a tube as fine as a 
human hair, and is bepded to a right angle, fo that Hs betfb 
and part of its. ftem. lie Jn the axis of the wooden cylinder. 
This fbape was .preferred, becaufe the (hem could he little 
affe&ed \>y thp caloric tranfmittec( by the fi^es of the veffel, 
till after the hulh was afited op hy the calpric pf the iron bar. 
A variety pf experiments were performed with this apparatus 
Into various 1»- in the following manner : The temperature pf the room befog 
67? F. during the trjajs* kettle of water was kept 
a cylinder of boiling over the fire : Its temperature was between 211° apd 
metal at %i%° 212°, $qd jnto Jhfo the fylmsfor pf iron was (offered tp $e- 

main 4 
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tWMn f at each experiment, for 15 minutes. Tbe liquid to be and the rife of 
ex am i ned, and ail the apparatus (but the iron bar), were* at 
eacb experiment, afeertained to be at 67°* The liquid was neath, was ob- 
pourrd into the wooden vefibl, till it could rife O.i inch on *“ three 
ibe fide of the iron cylinder when in its place : The wooden 
top was pat on, and the drop was drawn out of the kettle 
of boiling water by means pf tfie attached firing, and infiaotljr 
let down through the holp of the cover. The time the tber-r 
xnometer took to rife through three degrees (to 70 9 ) was ac- 
curately marked by .means of a hop* watch, and the refolts of 
pny experiments on fevers! fluids are exhibited in the fol- 
lowing . 

TABLE, 



Liquids. 

Minutes. 

Seconds. 

1* 

Water, - * • .. 

, 

7 

5 

, «• 

Milk of a Cow, 

*8 

25 , 

3. 

Proof Spirit, - 

8 nearly 

4. 

Alkohol. London Pharm. 

10 

45 I 

5. 

“Tranfparent Olive Oil, - 

9 

50 

6. 

’Mercury, -* -* 

0 

15 

7., 

^Solution of Sulphate of Iron, 




one part ol Salt to five of 
.Water, , - 
Saturated Solution of Sul- 

8 

• 0 

8. 




'*■ phate of Ahimine, 

* Ditto. Solution of Sulphate 

9 

'40 
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As die water in the firft experiment was employed at a The tempera, 
temperature above 42°, it could not affe& the thermometer by 
any change of denfity ; it may therefore ferve as a ftandard duce l?&tfctn£ 
to compare tbe other liquids. With regard to the differences wirentia 
pf a few feconds, we need not infift on it as indicating any ^ ***** 
material difference between the conducting power of the differ- 
fept fob fiances ; becaufe the eye may not be able to mark it 
ipfianianeoofiy ; bpt where this difference amounts to nearly 
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ft quarter of a minute, touch more when to ‘feVefri mtntrtefi 
we may fairly conclude, that there ts a difference in oondu&trtg 
power* - r * 

In all thefe experiments the ffdet of the apparatus (hotitd 
have produced equal increments, 'had this been the caufe of 
the rife of thfc therm om ete r and it is evident that currents 
ddwnwarda'oould not affedt it. That the tides of the veflfel 
could not communicate the temperature to the thermometer, 
tier even the radiant Caloric afre# it in the manner obferred, 
the eleventh experiment fwhich by the way arofe from an error 
in die mode of coridafttrijg the trial with fulphate dffeda) fufli- 
ciently demonffrates. From an infpedion of the table, it will 
be feen, that the aqueous folutions of different falls differ ms« 
terially from each other in the celerity with which caloric is pro* 
pagated through them. * 

I attempted to roeafure the conducing powers of feveral of 
the weaker acids, but fwais foon convinced that their a6tion on 
the iron might invalidate the accuracy of the refults. 

It will be unneceflary to obferve that if we find the thermo* 
meter requiring different times for its elevation, in fuch cafes, 
we muff aferibe it to the conducting powers of the medium 
between it add the heated body. * 

If f am not deceived, we may conclude from What t have 
above adduced, that liquids as well as folids are conductors of 
Caloric; that the tranfmiffion of it through them folfeWi a par- 
ticular taw depending On the properties of the pattiCh tar liquid, 
but which is not in the exadt ratio <6f any of their mechanical 
properties, though nearer that of their den fit y than any other. 

Such, Sir, 1 are the principal arguments that feem to rtfilitate 
fcgainff Count Romford's hypotheffs, which he has, with that 
by the flow con* ingenuity which diffinguiflle* his refearcheS, applied to the 
•f fetation of many important phenomena of nature. Thefe, 
its negation* however, jn4y be equally well explained by fuppofing liquids 
Very flow cor- very bad condu&ors of* caloric $ and; if the currents canted in 
fiSk cf^e* by changes m temperature, have even a very inferior 

velocity to what he (iippofes, we may, i think, account fufi- 
ciently well for the appearance he obferved on the Gbciere of 
Chamouni, which be propofes as a teff of his opinions, \y 
the decrepfet in denfity of waSeirwbita its temperature de- 
scends from 4 2 9 to 32 °, (a fad which the Count's late expe. 
rimeats confirm^ wither nfifeeiing to his opinions with regard 
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Unite non-conduding power of fluids. An examination of 
■*thk would, however, extend farthfer this already too long 
letter; hut if you deem fufh an enquiry interefting, it may 
fee tbefubjcQef a future eotnmtuiicatiee, 

. i am, S»j ‘ 

Vow’s with rcfp*a» 

S. TRAILL, 

. *** As this letter did not m va# to ha»d till above a fort* 
pigbt after , its date, and the vectal defcription it very cieer* 
it was not . thought negeflary tQ poQpope il fpc engraving the 
futhor’y (hetcb,— N. 


xm, 

fatyp » Afequntqfet remarkahly Jh tptyrwp# fenooiom B phitjt 
(they fay) exited in tlie, northern Fartf qf the Sifptf of A’<x> 

Yofk about tfvo hupdied Yours Mgo. College# an# eonrntodr 

. by Mr, jogji Hejik&wxldsx. 

Tift' jagitho + (or naked animal* or bear r as fome of Ike Account of the 
Jndifiys cgll it); was an animal m ? b fuperior in ftz* Iq lhe |^Ya^Aofc||’ 
Jargeftbear. , It was remarkably long- bodied, broad down its the America^ 
iboakj^rs, Jbot .tbbv °r narrow at its bind kgs, or juft at tbe Indi,a8 * 
Urmii^ion^f {he body. It had a large bead and A frightfbl 
look. Ijslegswere (hort, and, thick# *JUs pnm (the toes <£ 
which were f^rnifl^ed with long nails or claws, nearly as long 
as ft* Jn^iaq’s finger} fpgead very wide. Except the beads 
the neck, and the hinder pafU of i(* kgP» in all which places 
the hair was very long, the jagUko was almoft naked of hairs 
on vyhicb account the Indians gave it the name of “ naked. V 
Several of thefe animals hftd before this tine been dtftaoyed 
by lh$ Indians, this particular one had# from tine to time, 
deiiroyed -fnapy pf ,the Indians#, particqlaifly women aad chil- 
dren, when they were oat in the woods getting nets, digging 
roots, &c. or when they wer^jworking in thpAekk.., Hunters 
f / hen fall pftrhied by this aniiftftl, bad no mm»s of efcapiog 

# w To the Editor^ the Philadelphia Medical and Phyfeal Jour- 
*»^l, Whence this i* taken; J ' r 
. t The Indian name of this btaft or animal* 

from 
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cafied jagi/ho by 
the American 
Indians* 


ACCOUNT OF A FEROCIOUS 81 AST* 

from it except where a river or lake was at hand, by plunging 
into the waters* and fwimmfag out, or dattn the dream to ft 
great di fiance* they effected iheif efoape. When this was the 
cafe, and the bead was not able.to pprfue bjs intended prey 
any further, he would fet up fuch a roaring noife, that every 
Indian who heard it tr^tyedjjyitjh fear. 

This animal preyed upon every beafl it could lay bold of. 
It would catch and kill the larged bear, and devour it. While 
the bears were plentiful the Indians had mtt fo much caufe to 
d reed the jagfthd; but when this was not the cafe, be would 
Tun ftbdtt in thfe woods, (parching for the track or fcent of the 
hunters, and follow them up. The women became fo much 
afraid of going out to work, that the men aflembied to deli* 
berate on ¥p!an for lulling Him. 

Tbit bead had its reddened at Or near a take, from which the 
water flows in two different ways (or has two different out* 
lets); one northerly and the other foathetty. The Indians 
being well informed of this circumflance, a refdlute party of 
them, weH armed with bows, arrows, and fpears, made to- 
wards the lake. They Rationed ffibmfelves on a high per- 
pendicular rock, climbing up the fame by means of Indian 
ladders, and then drawing. thefe ladders up after them. 

After being well fixed, add having taken up wRh them a 
Number of (tones, the Indians began to imitate the Voices and 
cries of the various beads of the wodds, and Wen thofe of 
children^ in order to decoy the jagifbo thither. Having Tpent 
feme days iif tbft place Without fbccefs, a detached party took 
an excurfion to fome diftance from the rdek. Before they had 
reached the rock again, the bead had* gotten (he fcent of them, 
And was in full purfuit of them. They, however, regained 
that petition before he arrived* When he came to the rock, 
he was in greet anger, fprang again ft It with his mouth wide 
open, grinning and feizing upon it, as though he would tear 
it to pieces 1 * ** *. v During this Time, numbers of arrows 
and dOnes wete difoharged At him* until at length he dropped 
down and expired. 

His head was cut off; and was carried in triumph by the 
Indians to their villages or fettlements on the North 
River, and was there fixed upon a pole that it might be feen# 
A* (be report of the death of the animal fpread among thp 
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neighbouring, (riba, numbers of them came to view the head Accoaat of tie 

° ° - • larire mlmid 

and to praile tbe viftoiious Indians, for. their warlike deed. ]t|ifto bf 

N. B* The Mahicanni claim the honour of this d£t. the America* 


Remarks by thb Editor. 


The preceding traditional accounts of the Indians, con* 
ceming the € * naked bead," are in fome refpe&s, fo very ex- 
travagant, that they may perhaps be deemed altogether un- 
worthy of any attention. I muft confefs, however, that I 
cannot but confiderfuch traditions, though imperfectly handed 
dawn to us, and evidently disfigured by (able, as entitled to 
the notice of the naturalifl and philofopher. 

That fuch an animal as the JagifHo is defcribed to have been, 
has ever exitted in the (late of New York, may perhaps 
Adrctit of a rational doubt but that the Indian tradition relates 
to jimp rrmflrMbk animal that is no longer to be feea in dm 
counter which it it &«d to have inhabited, 1 think there i a 
gop$ Jgsfori to believe* What this animal was* at what period 
it ceafed to be feen, and.. what was the more pure aceonnt el 
the. Indians concerning ,it cgy hundred years ago, I do not 
pretend to determine. 

Poffibly the Indian tradition refers to the large animal, (I 
mean an inciividul of the fame Species,) fame of whole bones 
have been found in a tavern* in the beck parts of Virginias the 
animal of which mention is made in the firft part of this 
journal # . ’ t Is is true. indeed that the iQdia'n accounts of the 
activity of the New York ariirrml are not very favourable to 
the idea, that the animal was Mr. JefferfonS Megalonyx, 
which I have fuppoled belonged to the order of Thdigrada, 
comprehending tbe*Sloth/ the Armadillo, and others. What 
is faid of the cladh of the Jagifho may be thought to favour 
the notion that this vms really the Megalonyx, or Megathe- 
rium. But 1 would ndt be nnderfiood to placd any depend- 
ance upon the minute or defcriptive circumftances which 
are mentioned in the Indian tradition. Nor indeed do I think 
it at all probable chat the Megalonyx (as it is called) or any of 
the fpecie* of elephants whole exuviae abound in various parts 
of North America, have been feen in a living (late in this 
Continent, within the period of two, or even twice two 
hundred years. 

« Sc&ioa Third, p. 152, 154. 
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. , WieNtm,c .news. - v 

SCIENTIFIC NEWS, fa * 

Deaih of Profcjfor Claproih • 

Some of thfc foreign Journals Have announced the death of 
the celebrated Klaproth of Berlin, who, for the benefit of the, 
Sciences, continues in good health in his fixty.fecond year. 
Mr. Juftul Claproth, Profeffor of Jurifprudence in the Univer-* 
fity of Gottingen, well known for feveral learned works on, 
that fubjed, died on the 10th February laft, in .hu feveniy^ 
feventh year. 


Agronomical Prize* \ 

. Tta modal founded by do Lalando for the beft aflronocntG «f 
work, haabotn adjudged by the National lofikate in ttftifrting 
•f April Ufto Mr, Harding, for hts discovery of the laft new 
planet. ■ That able aftsonocaer has bee* appointed to<Aedi«* 
iedionof the Gbbmtory at<*oUmgoiK 

.... “ — ’ • • 

New Mufical Inflrumcnt. 

A . Polifh cfock-maker named jMafloulky, arrived at fygltn* 
at the bpgijpniqg of the prefent year, with the intent ion of. ex* 
bibitiug a new fringed iiritouneut, of his invention* $ot«* 
withfiai)d^g,a variety of adverhfejpenU, he did not fucceed hi 
aUra&ing the public notice; and be determined to exhibit the 
ioftrument at a concert previous to his departure. About ^00 
auditors abraded by the names of Himnoel and Seidlen, who 
were to perform* attended, and towards the end of the concert 
nearly Wf the number retired. The ortift proceeded to ex* 
hibit bis Kaelifoo* M whicb is the name he gives iht/inftrument. 
ItconC^of a.foaud+eairft on which the afoaUyfttm#f wires 
of* the^piapp are fixed, £04 ween thofewireaaro (mail wooden 
cylinders, which befog put into motion, communioate their 
vibrations to the wires. The too** are fo (oft and enchanting 
that the harmonica cannot equal then*, the forte and piano are 
given in every imaginable gradation, and the whole ofte& was 
no lefs furpriiing than unexpected, and the maker Huhn re* 
ceived orders for a number of the inftr uments, 

Tb* 
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The prefent article is taken from Milling Magajin Encyclope - 
diyuc, who does' not fay whether the wooden cylinders were 
moved in rotation or otberwife, nor how they were applied 
and pretied again# the firing*. The leading fa €t of this notice 
teems to be, that there are certain kinds of wood, and perhaps 
certain refinous or other matters to be applied to them, that 
will produce the etfe& of a bow upon wire firing* in a foperior 
manner. It is indeed probable, that we do not yet pofTefs 
much knowledge of the art of producing tones by the powerful 
expedient of bowing, or light fri&ion | and mechanics hare' 
ftill an ample field for applying this method with force, pre- 
cifion, and rapidity to the more compounded infiruments. 


Savcriciu 

On the 9&th of May^klidted Alexander Saverieo engineer De*b of 
of the French marine; who has been fixty yean known to the <Salrer,al * 
(ctenltfic world, for hie writings on navigation and the theory 
of butidiag, rigging and maiMKivering (hips. He has Written 
accounts of the infiruments (br making ofefervations at fea; 
a marine di&ionary ; a di&ioqnry of the mathematics ; a die* 
tionary of architecture; an hifiory of modern philosophers, 
and an hifiory of the progrefs of the human underfianding. 

His works indicate a confiderable (hare of tajpnt and very ex* 
tenfive knowledge. For many of the laft years of his life ho 
was poor ancHnfirm, and was much indebted to the care4 of a 
fervant who continued with him from motives of attachment. 

He died at the age of eighty-five, leaving behindhim a widow 7 
likewife very aged and in want. 

Pate and beautiful Cerujb. 

Mr. Van Mona informs us, that, if lead a(hes be cfifiblved * n<i 
in a fufficiettt quantity bif dilute nitric acid by the help of a tlful ceru **’ 
gentle heat, filtered, and ^reetpimtedby chalk in impalpable 
powder, tlie pfeciphate, whenwathed and dried, will be the 
poreft and raoft beautiful cerufe poflible. The qoefiibn which 
offers itfelf on this ocedfion, is whether it couW be afforded at 
a reafonable price. ; 
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Chromate of Lead and of Silver, 

Chromate of Count Mouffin Poufchkin has difloived both the red lead fpar 
ni^ chromate of filver inr nitric acid, by adding a little fugar 
«ic acid. the moment the acid is poured on. and promoting the aftion 
by gentle heat. The fpar then requires only five or fix parts 
of acid, the chromate of filver ft ill lefs. Nitrous acid gas 
is evolved, and the folulionj of the former is an amethyft co- 
lour, of the latter a garnet red, without the lead trace of green, 
either by reflexion or refra&ion. 


Tutrefa&ios 
prevented by 
red precipitate. 


without lots of 
weight or co- 
lour} 

and by the 
combination of 
esigea. 


Putrefaction prevented. 

Dr. Vaili having left a pound of feup in which were twelve 
or fifteen grams of red precipitate, expofed to the open air 
for four months, found it exhibited no fign of putrefa&ion, 
and did not even them to have undergone any alteration. He 
then repeated the experiment for a month in the height of fmn- 
mer, with the fame effect. The oxide in the mean time had 
neither diminifhed in weight nor altered its colour. 

On this Mr. Van Mons obferves, that he has found broth 
keep for years by means of a few grains of mercury in the 
fiate of oxide and citrate. . Nitrate of filver has long been 
confidered as the mofi powerful of antifeptics, and he has 
found thofe of gold and of mercury equally fo. Oxigenated 
muriate of potato retarded the putrefedion of ftrong loop fe- 
veral days, and ultimately put a. flop to it at a certain point. 
Very dilute nitric acid, and oxigenated muriatic acid in the 
fiate ufed for bleaching, preferved a moderate ftrong loop for 
feverai months. 


Leverian Mujbum . 

Sale of the Le- The Leverian Mufeum which, has been near 40 years in 
vetian Mufeum. colleding at an expence of neat 50,000/. will be fold by 
public audion in May 1 806, unlefs an acceptable offer for the 
purchafe of the whole be previoully made. The Tale will 
take place in the building which now contains the Mufeum. 
Catalogues are preparing with all (peed. 


Digitized by v^ooQle 







FhiJr.t Journal . Vb/JXTT. Ft VJ.p.144 . 



L 


i 

t 


Digitized by L.OOQle 



Digitized by Google 





THE K i- - 

PUBLIC L . . .) 


; ABTOR, i_r N' •> a:;j 
f TU-DtJ - * KCCNDATt* 

* L 


Digitized by Google 




blight ih CORK. 


146 

Difcafed ftraw I next examined the draw by the faicrofcope, mating mxtf 
IfwM^crthat* difleXions with great attention. The refult of which was* 
Mr. Bauer'* a convidiou that the defigners and engravers part of the fine 
pl a * cs that accompany this eflay, has been excellently and 
faithfully managed, as far as the then feafon would permit me 
to compare them, and forae old draws of the lad year render- 
ed it very probable, that the whole was correQly drawn. 

Doubt whether But here I began to fufpeX, that the ruft was not fo guilty 
affbftgf^Bfraio. ¥ has been represented, for, admitting for a moment, that it 
does intercept the lap by plugging the apertures faid to be 
dedined in wet weather to receive the humidity of the atxnof- 
phere, yet, as it is not yet afeertained that it drikes root, into 
the cellular texture beyond the back, for I could not admit 
of faying there is no doubt of a thing that has not yet been 
traced, fee page 11 (or 227 of Journal) and as the plates, if 
they prove any thing prove the contrary, vide fig. 7. I thought 
we mud wait awhile before we could charge to this canfe the 
diminution of our flour. There was yet another motive in my 
humble opinion for doubt : I faw, even by examining the draws 
of lad year, that it was fcarcely poffible to find among hun- 
dreds of rufied Jlraws that had blighted heads, one thal any way 
partook of the rud except at the upper joint, and that partial- 
ly only, while the (heaths that nature has kindly given to ward 
oflf injuries, were compteatly confumed with it. Now I be- 
lieve, no one will pretend to aflert, that this injury done to 
the (heaths of the draws could in any way affeX the rifing of 
the fap to the ear ; we mud therefore, I foon faw, confine the 
caui'e of injury, if this be any caufe , to the quantity of fungi 
that more immediately attacks the upper bare joint of the 
draw. 

And even here it appeared at this early dage of my doubts 
to be very uncertain ; for if we reflect fird of all that it is 
by no means pretended to be proved, that thefe fungi do 
penetrate the cellular texture ; and next, that if they do, it will 
remain to be proved, that by fo doing they materially intercept 
the fap; and ladly (which I conceive to be no extravagant con- 
jeXufre) that if they did, yet as far as the cellular texture of 
the draw is concerned in conveying it, the interception could 
only be very partial. — Taking all thefe reflexions together, 
I think I was grounded in entertaining doubts of the true 
confe having beea exhibited, as is fet forth in this pamphlet, 

p. 1% 
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*p. 13.*(or 223 Journal.) Where the prefident fays, l# though 
•diligent enquiry was made during the lad autumn, no informa- * 

•tfon of importance relative to the origin or the progrefs of the 
blight could be obtained ! this is not to be wondered at, for as 
no one of the per Tons applied to had any knowledge of the 
Teal ctitnft of the malady, none of them could direct their 
curiofity to the real channel. Now that its nature and caufe 
-haze been explained , we may reafonably expert that a few 
•years will produce an interefting collection of faCts and ob- 
servations, and we may hope that fome progrefs will be made 
towards the very deferable attainment of either a preventive 
or a core.” page 1 4. 

Having thus advanced in the examination as far as the Country names 
feafon wtrnld adord, I thought it would be belt to afcertain in ^f^*dbfc»of 
the county in which I happened to be placed, the terms 
(intirely overlooked in the pamphlet) there applied to the 
different difeafes of corn ; and here it foon appeared that the 
terms are not univerfal. 

' The firft blight (for there are many) is that early appear- FSrft blight; cr 

ance of intirely decayed ears* of plants apparently in a I^bkhtheoabris 

heahhy (late, but which, in the embrit) which lays within the grain u turaoA 

upper (heath, before the ear is develloped, has turned to a 50 

brown puce-coloured powder. This by fome has been fuppofed 

to originate from defective feed, but furely improperly ; for 

many of thefe ears are found to be the fined and larged in the 

held in their embrio (tale ; and to me it Teems evident, that 

they are imperfeCt from a really defective parturition, owing 

to fome accidental circumdance ; or poftibly (for they generally 

(land below the others) from the want of fun to unclofe the 

upper (heath at a critical moment. 

• Thefe ears are alfo in general found to be crooked at the The ears are 
root of the ear (talk, owing to the effort to raife the ear aCting 
within the (heath on a decayed and mouldy ear ; but it appears 
that they are all at length eje&ed from the (heath, and the 
brown dud blown compleatly away, fo that the dalk at lad 
remains without a (ingle grain on it, danding up like a bare and 
barren pole. In this manner many ears at fird perifti, but the 
quantity is feldom any objeCt to the farmer. 

Of the puce-coloured powder a quantity was colleded: it Appesrmceof 
had no fmell, but felt foft to the touch, like whiting, though 
more greafy. An attempt was made to innoculate a number in&aia* 
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The firft blight 
does not arife 
from an exter- 
nal caoie. 


Second difeafe. 
Smut. Full 
grains, contain* 
Sag «U J * dark 
powder o f a 
§Jtxy fiadJ* 


Mechanical in- 
jury did not 
produce tbit 
d'. fr rfc, 


6f other found ears with it ; by robbing it on the leaves, by 
giving fri&ion to the ft raw itfelf with it, by inferting it into 
the ears, by placing it beneath the {heaths, and laftly, by in- 
troducing it into the'p&i of feveral draws,— each of tbefe i*t 
wet and dry weather, but nothing took any efie&. It fell 
harmlefs but one difcovery arofe from examining the can 
in which it was produced, viz. that corn is capable of being 
completely blighted without any external difeafe or applica* 
lion. For all the ftraws were without blemtfh as well as the 
leaves, and confequently we have no occafion to recur to 
external cattles for this internal decompofition. 

Wheat in this ftate I drew very accurately, and feat fpecw 
mens of it to town in this condition to Mr. Nicholfon; and 
thus ended the firft blight as it is called in Somerfetthlre,. bat 
which might poffibly be with more propriety termed the 
mildew . 

The next difeafe appears in thofe ears which (land ered and 
ftaring, indicating their lightnefs by their attitude. Although 
on gathering they appear full of corn, they turn out in efed 
to be fell of a dark powder that has the fmeft of ftale lobfters 
or fhrimps, when preftfed between the fingers. This powder 
on examination by the microfcope (hews feme faccharine con- 
cretions among it, but it has none of the a&uaf properties of 
wheat. Upon carefully examining tbefe grains the outer (kin 
was di (covered to be intire, unperforated , ptrfe&ly green, and 
pcTfc&ly fttU ; — yet ftrange to tell, if it be not really the work 
of infers, one half of an ear was often found to be thus 
fmutty while the other half was found. 

Among other conje&ures, it was thought that this fmutty 
difeafe might arife from the juices of the ftraw being inter* 
cepted by accidents. In order therefore to try what could be 
effe&ed by injuries done to the fap, I bound fome ears, 
wounded others by preffare, divided fome with a knife neat 
the ftem, marking each by cutting off the beards with fcilTars ; 
yet I never found any fuch effect produced, as either fmut> 
or even decay, and all the ears thus injured came very well to 
maturity. Here were real injuries, and committed at a time 
(June) when the ears were by no means far advanced, and 
this led me ftill lefs to expeft any great effect from a little 
partial mofs adhering to the ftem, the accidental effects of the 
*eafon at a later period. 

* 3 At 
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- Ktftflgtb m Ihb It t}f Atiguft, I few in t ^few^eH Ihe ThijSl dftefcj 
titft appearance of yellow raft, but colledfed brie toiA dif- tbe ^ ft 
Acuity ; and now I found that it was enivertally agreftfby bar 
formers, that this fungus, as our phite defcribes ft, toafc con- «> n ^c«d as 
fidered as the effea of fogs or great humidity, Whidh firft humidity, 
attacks the leaf or (heath of the draw, but ultimately pttfei 
t riftes, and vegetates On the upper joint of the ftraw itfelf, 

Where it is uncovered juft before the corn is ripe, fo that what 
our plate exhibits is by all agreed to be called the fuft in M 
ftages ; but that the ruft caufes the latter blight , or ears With 
fliri veiled grams does not feem to be fo generally agreed. 

To prevent the fmut f our formers fteep their wheat iri The proceft of 
fait water, in order to feparate the found grains from the light or 
blighted better than by frefh water, becanfe fait water naturally the heavieft for 
floats all but the heavieft. In the Venetian ftate I remember fecd * 
they added faltpetre to'the fteep on the fame principle, a very 
different fyftem from that of Sir Jofeph, who recommends, t 
think very dangeroufly, the ufe even of tailings as feed, and 
this on mere hot houfe experience, fee p. 25 (or 232 Jbuhial.) 

An old and good former # laft year at Weft cm, bought good Smutty grata 
wheat for feed becaufe his own was fmutty, but not having j^ afcd fot 
quite enough, he fowed about three pecks of his own ftoutty ye tfomefuc* 
wheat to finifli, and it turned out quite as good wheat as fomc**^ 

6f that which was bought as the beft ; yet this does not toh- 
firm the doctrine, I think. 

Having thus afeertained what is called the early blight or 
mildew , together with that which follows, and is known by the 
term ftnut, and alfo the difeafe which comes hbxt, ind bdng 
(imilar to Sir Jofeph's Banks's plate, is catted ruft, and fofify Ltttcr blight* or 
the latter blight which is feen in merely ftrivetted grains, dr fonvdW grams, 
grains imperfectly ripened ; — I (hall now proceed fo the fpdd- 
mens which I gathered in all the ftates, made drawings of 
them, and (till retain in the ear labelled with great cate, as 
proofs of what is here advanced ; after which I fhall make 
feme deductions. 

" On 22nd of July, 1805. I began my collection ; and Nb. 1 . Accounts of 
contains healthy ears, clean to outward appearance, the loVvett f ^^““^ hcred 
leaf a fpeck or two of fungus. Second joint from the hefaij q in this enquiry, 
little reddifh. No bloom on the cane. 

* Mr. Oakley of Welton-Supra -Mare. ' 

No. 2. 
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No. 2. Much difeifed draw, bloom or^mould trader 4b^ 
(heathi and on the leaf; in other refpe&s the draw quite a* 
healthy a ad found as No. 1. 

No. 3. Entirely difeafed, yet every gjain full and of «ts 
proper (Lze-^-fomp graips evidently opened *t their tides by 
fome tinall infe$. The outtide of this ear quite green am) 
healthy, not even a fp»t, fmell of the ear very tifey, 
wanting ope grain. The head dalk not even waved at tbp 
ear, root intire, upper dalk a little yellow. 

No, A healthy ear of the bearded, thirteen rows of grains, 
draw mouldy under the Qieath, and at joints, yet found, la^ 
or upper joint green. 

No. $ r . Another nearly tiroilar. 

No. 6. A double draw to one rpot* both ears peffcft, boti$ 
draight at head (ialk, both difeafed, yet full and plumps 
fome grains found yet green, and clofe to a black one ; ? riclj 
golden colour^ roofs or dud at the back of the green^coat^ 
yet the grajn coat perfectly green and ugipjured, while the 
grain was compleatly full of the black fifhy-fmelling blight 
indead of flour. Straws green at the top aod quite healthy 
throughout. 

No. 7. A draw that having been blighted in the (heath by 
the early blight, had thrown off all its brown dud, and grown 
to a drong draw : The (^celeton of the ear only remaining, 
very crooked near the ear: The upper Aalk evidently by its 
purple dripes difeafed under the (kin, yet no mofs or fungus 
protruded on the cane; dripping back the firfi leaf from the 
head, I found the powder from the ear had adhered to the 
draw under the (heath, and that it was mouldy : Xhe (econd 
joint quite healthy under the leaf, but with the red and purple 
dreaks where uncovered to the light : The third joint the 
feme: The (heath leaves them felves heal thy. 

No. 8. Spotted ear externally, found (Iraw, yet having 
black dud at the joints, in this ear 1 found a maggot about the 
30th part of an inch long, of the exadl yellow of the powder 
found behind the difeafed grains, (that powder may be hit 
excrement) viz. orange yellow, his form refembled the maggot 
of nuts, lived an hour on the table. 

No. 9. Difeafed ear, grains all blighted yet no yellow 
powder under the (heaths of the grains, draw healthy, ear 
fiftiy fmell. 

No. 10, 
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Mo. 10. Ditto with an infed very a&ive in theear, yellow, 
lee drawing A B. Fig. 1. Plate IX. 

No. II. Two perfe&ly healthy ears from the fame root, 
both healthy throughout, yet on the leaf a (peek or two of 
Sir Jofeph's fungus was originated, and well grown: it was 
pf the orange colour. 

No. 12. An ear fad ripening, folk! in the grain, yet had 
left its fird fix lower grains, lad joint green, beards yellow, a 
few fpots on the (heath of the grain, feemingly occafioned 
by a fmall black fiy found in it* 

Obfervations made on the fame Day on Grains . 

Difeafed grains were always (band to be full and plump with- Difeafed fnias 
out any aperture ; the fine (kin that holds the flour very green, ^feribed. 
yet all black within ; the external furface of the black matter 
xorered with a white concretion, perhaps the faccharine 
matter of the wheat. Sound grains found in difeafed ears, 
all the difeafed ears fmelt fifty. 

Obfervations made on the Straw. 

*The difeafe always attacks the portion of the draw that Difeafed feaw. 
peeps beyond the (heath leaf near the joint, and evidently 
commences at the pores, as old draws will (hew; but the 
fungus cannot, I think, be the caufe of the difeafe ; becaufe 
where no fungi have taken joot f the corn is coroplcatly cor* 
rupted. Thefe fungi grow it is trpe, faded on difeafed ears, 
probably becaufe when the ear is difeafed it draws lels humi- 
dity from the draw, fo that the difeafed ears feem to aflid the 
growth of the fungi, not the fungi the difeafe. In fa6t, I 
believe they live on the fiipetfluous moiflure of the draw, of 
returning fap. 

On the 27 th July lad, 180$. I examined at lead twenty Blighted ears, 
blighted ears of com, and could only find one apiong them t H2[ p#w not 
that bad the (mailed degree of rtijfl, and that only a fpeck fU 
or two on the lower leaf that (heaths the third joint. The 
fpots were orange colour and deep purple, pnd <jid not occupy 
half the diameter of a fpace of three inches long. 

Upon again examining many healthy plants, I found not Healthy plants 
only their (heath leaves, but even the draw eaten away by ******* 

fome^ * 
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(bine and at the (aim dime difbevered dbeiddHowofltbe 

green locud like infect on the ears ; of which, foe tbenagnMMI 
dcfign. Fig. fi, F«>Ue IX. 

Inocuiitcd So«e k plants that I had taldy inooeoktad were (Ml fodwfc 

others ir^d ****** pinched ajad Jsruifod ivtkeapper joint 
by violence, no alteration, bat in all refpeds referable* the »a6> healthy. ' 
took no difeife. , Aeg 3rd, 1 8d5, I mat ,te a field of Mr* OhWey^i o 
SK -Wefton, where, the wheat b*d a general good «fp«&s eet 
iiraw and the 4ofo£bxl and fobeied, if .ears green yet fall. 

&ne (heakhy or No. 1. Sound ears with difeafed draws, 
difeaied) Gate. No. 2. Compleatly fmutty ears with found draws in every 
refpefl. • 

4 No. 3# A (witty aitdafouadeaff foeaatbefoiecneek The 

found i ear had a fpeck pf fungus. 

Etw vkb ftrwked 4tp«, others 4ttufied by fpideo j 
ifoeifs wiith erooked Jbea^ds# ftioii fiaiks and lengrj yotaUof 
then* full of grain, gf$8neiid found. , . w. 

No. 5 . Ears half fmutty, via* on one fide all the wayop*. 
f No. 6. Ears half (lagged, (flagged means here tbofo that 

(hew only the fkafotpa. of< the eat and the crooked upper 
(lalk from early blight, all but the bare poles being blown 
away) thefe ears were half fiag&i and half covered with 
grains. 

No. 7. Bare fiaggh but with qpitn fine found draw. 

Other inftsmeet LadJy ; in Augud and September, 1805, at Alkombe near 
withrufty ft raw, Minehead, I colle&ed out of a field juft reaped, two bundles 
and /hrivelled Which with all the others I dill keep as proofs of my after* 
found Araw. tions : One all of found wheat with all their upper (folks 

very much covered with the rufl of Sir Jofeph Bank's defertp* 
tioh, and thje other all of black and (hrivelled ears, yet all 
/bund in the upper (lalk. 

The fori veiled Thefe laUer mentioned (folks, I think, throw great ligbt.on 

foidyriptaed! r m y ultimate conjedures drawn from every obfervation through 
the whole feafon ; viz. they prefent (hrivelled, blighted grains, 
and exhibit fhort ears, becaufe on examination thpy were 
evidently never fufficfontly expo fed to light and beat : for all 
their draws though clean were green, not yellow as tbofo 
of ripe wheat ought U> be, and their fraoaky m durable ap- 
pearance (not having the lead fmejl of the 6 (by fmutt) could 
only arife from their humble fituation below the other ears, 
where air, fun, and light was deficient ; in fafl, they never 
ripened properly. The draw remained green, and the fap 

probably 
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‘fftfedbly rotated Inflead -of being intercepted by the drying 
e^the' upper joint ; and to me it now appears to be a farr 
conjeftore, that what is generally called blighted com, or What it calle4 
4h*fc ears that'produce fo many (brivelled grains, and which 22^^^ 
we are called upon to feek a remedy for, is nothing more than prematurely 
the deft Of a pra&ice of late much recommended, viz. fr ? m 

I* apwrljr, a practice not only promoted by the Miner, who rsjance. 
eager for the new corn to come to market, but by the avarice 
of the Farmer, who foefs that by letting it Hand too long the 
grain may fall in price, and reduce his profits ; and, what is 
iiill more unfortunate, by Tome agricultural writers of great 
repu&tfon, who recommend it as Hopping the progrefs of 
•he raft, 'foqgettmg that the fun only can effectually deftroy 
that fuppofed evil, by well drying the draw. 

, Sue bo 'it ffenS'the writer of thefe few remarks to difeouvage It is often ad- 
M# attempt at fairing in a remarkably wet feafon, or in re- ^ reap 
snarkably. wet frtua lions, wheat that baa palled the period 
ufuafiy ynodeflftve of ripe com. He knows that in cafes of 
taid-wbeai. ia fhady fit u alien t, by reaping k early, we may 
accelerate the ripening of that which otherwife would not have 
ripened at all, by the operation of turning and expofing the 
fheaves to the fun, and fo make good faying crops*; bat what 
be wifhes to guard againft is, that eagernefs fpr putting in the 
fickle originating in the motives before alledged ; for, reafon- Argument in 
tag from dftalflgy do we not always find, that m all other feeds late 

that are to be gathered, thefe alone am p lu m p, found, and 
full of their proper flour, that are fuffered to receive the utmoft 
influence of the fun while on the ftalk ; and he always thought 
many years age, that we were in the habit of being too fear fa! 
of the latter feafons; it is true that late harveft* are expensive 
in colle&iog, but they ere generally wCtt matured, and the 
infiance of barley that may be well faved (for colour can have 
tittle to do with the intrinfic value bf gram) even as late as 
November, proves the juftice of the ©bfervation ; fhiit gather* 
ed too foon, difeppoints aTI views of profit or pleafure, and 
im might, he thinks, as welt attribute the thrivelltftg of our 
apples early gathered to the influence of the apple-tree mofs, 
as the ftrivelltag of our grains of wheat to a fuppofed blight 
originating in the fangufes, that have of late fo much alarmed 
the theoretical agriculturifh, and ceconomifts of our day. 

On 


Digitized by 


Google 





15* 'fcOUNT EUMPORD's NBW EXPSRIMEHTS 

Coa^lufioii. On the fad i expofed I could greatly enlarge, but I think 
op all accounts it is bell at prefent to offer them in their 
prefent form to the reafonipg faculties of your readers. At 
any rate they may ferve as dgUj and if they (bould fail to 
bring others to «ay opinion, may a&, I tru& si ufefnl flino- 
fcnU to the further invpftigalioo of a, very curh^sMj$e& qf 
enquiry, as to vyb^t are the ur$ of the enem ie s UHLhepes- 
fedioq ofj>qr sybpat halved. . >« 

With f^e& and efteem, 

I am, Sirp 

Vopr moff obedient bumble Servant, 

G. CUMBERLAND, 

The vicinity of to obferve, that On the grain! of wheat fedftj 

rtf barberry do« near the barberry, I had no opportunity 6f making bWerv*. 
tfffftgraln. I,0ns ; ^ ut I have a dried rdot of wheat now by tfie, oh 
which there are above 1 00 draws that are aH cleAn abdTound, 
though it grew a few years ago in a garden where barberry 
bufhes were. 


T' - T '- hr'); ; ;■ ZS^SSZSS V f j J S 


II. 


Experimental Investigations concerning Heat. RyBxKjAMflf 
Coukt op RumpoMd, V.P.lt.S. SfC. 

(Concluded from Page 75.) 


Sect. III. Experiments tending tojhew that Heat is communi* 
cated through folid Bodies , by a Law xohickisihejhnte as that 
which voidd cnfuc from Radiation between the Particles* 


Object of in- HaV(NG made, a confoterable number of experiments on 
quiry 5 the laws the paffageof beat through fluids, and through different fub* 
tb^o/bcatln* dances .in* the ftgte of powder, I eyas curious to afeertain tbe 
Ibtids. laws of its propagation through foKd bodies, particularly me* 

tals. 

1 hoped this difeoyery would fumifh fome additional data, 
to confirm or refute the opinions I had adopted concerning heat 
and its manner of aftuig ; and it will be feen by the refults, 
that roy expectations were not fruftrated. 

Having 
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, Having procured two cylindrical veflels of tin, each fi^Defcriptinn of 
inches in diameter and fix inches high, I fattened them Two cylindrical 
ther by mean? of a folwi cylinder of copper fix inches long and tin vefleh were 
an inch and half in diameter, which wo* fixed horizontally be- Wof^cuppcr * 
tween the 4 wo tin vefiels. The extremities of the cylinder: 
parted .tfwough tuy q holes ^n ipch and hfllf in diameter, made 
for (heporpofo in the tides of the vetted, midway betvyeenlb? 
bottom apd top, and were fotdered fa(t m them* 

Each of the veflels was made flat an the flde where the cop* 
per cylinder was fattened, fo that the extremity of the cylinder 
did not project into the vettel, but was level with the flattened 
part. 

This intt; parent was fupported at the height of eight inche? 
and half above the table on which it flood, by means of three 
feet# tw.Q fixed to one of the veflels, and one to the other. 

0(i& of thefe veflels being filled with boiling water, the othpr The veflels filled 
withwaterui the freezing point; as the two extremities of 
cylinder .were placed in' immediate contact with thefe two 0t h cr 
mattes of.flujd, a change of temperature mull necertarily take 
place by degrees in all thp interior parts of the cylinder. For 
the purpose of o|>ferving this change, three vertical holes wereThe changes 
made mthe cylinder, into which were introduced the hulbsof^^^^^* 
three fmall mercurial thermometers. One of the holes was >n e q ua i ^ftanecs.’ 
the middle of the cylinder'; the cflhers midway between the 
centre and either extremity! 

Each of thefe* holes is four -lines in fliamqbgr, jand eleyeu 
lines and harf deep; fo that the bulbs of the thermometers, 
which are tjiree lines in diameter, were afl in (be s$is of (he 
cylinder. 

When t^e thermometers were put in their places, the holes 
were filled with mercury, iu order to facilitate the communi- 
cation of heat from the metal to the bulb of the thermometer. 

To keep the hot water conflantly boiling, a fpirit lamp wasThe one water 
placed beneath the vettel containing it ; and to keep^ the cold kept hotting by 
water conflantly at the temperature of melting ice, freth 
tions of ice were added to it from time to tin;** addition of ice. 

The thermometers are graduated to Fahrenheit’s fcale, the 
freezing point being marked 32°, apd 4hat of boiling water 
212 °. 

As the firfl and mod important objeft I had in view was, toThe thermome. 
learn at wbat temperature the three thermometers would be- not notice * 

till nearly ft*. 

COme tionsry. 
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The thermome- 
ters diftingulfh- 
td. 

Experiment, 


Tabulatc4 re* 
fult*. 


Account of the 
refults that 
would have fol- 
lowed the hypo- 
thecs of heat 
being propagatrd 
through bodies 
byTadlatron 
from particle to 
particle. 

The particles of 
foiid bodies are 
di Cant from 
each other. 


COUNT RUMFO&D*S NEW IXPCRIMEVT9 

come stationary, I did not very carefully notice that progtefs 
of the thermometers toward this point; but as footias they ap- 
peared nearly ftationary, I observed them with Ihe'greateft ah. 
tent ion for near half an hour* 

To diftinguiih the three thermometers I (bail caX {tail graffteft 
the boiling water B, that hi the centre C, and th*tne4reft the 
cold water IX *. ■ : : 

The following are the progrefe and refults of an experiment 
made the 2Sth of April, 1804, the temperature of the air being 
78? of Fahrenheit, 


Time. 

Tempera- 
ture of the 
hot water. 

Tempera- 
ture marked 
by the ther- 
mometer B. 

Tempera- 
ture marked 
by the ther- 
raomerer C. 

Tempera- 
ture marked 
by the ther- 
mometer D. 

Tempera - 
ature of the 
qold water. 

H. m. s. 

Degrees. 

Degrees. 

Degrees. 

Degrees. 

Degrees. 

1 52 35 

212 

360 

130 

105 

32 

— 53 30 

— 

160* 

131 

105$ 

— 

— 55 


161 

131* 

106 

— 

— 56 30 

— 

1 61 £ 

132 

106* 

— 

— 58 

— 

162 

132* 

107 

— 

2 0 0 

— 

16 2 

132$ 

107$ 

- — 

— 1 30 



162 ) 

133 

107* 

- — 

— 4- 

— 

162 

1 32 1 

106* 

— 

— 6 

— 

162 

132 

106 

— 

— 9 

— 

16 2 

132* 

H>6§ 

— 

— 11 

— 

162 

132* 

106* 

— 

— 28 

— 

162 

132* 

106* 

— 


Before I proceed to examine more tofauUrtythe refults of this 
experiment, I will endeavour to (how thofe refults which K 
ought to -have exhibited, on the fup petition that heat is propa- 
gated, even hi the interior of foiid bodies, hy radiations ema- 
nating from the furfoces of the pa&icles com poling thefe 
bodies. 

Op this fdppofition wemuft necdfarily con fider the particles 
that compofe bodies as being ^Jkparatc from each other, and even 
to pretty eonfiderable diftances compared with the diameters 
of thefe particles; but there is nothing repugnant to the ad- 
mifion of thh foppofition ; on the contrary, there are many 
phenomena which apparently indicate that all the foiid bodies 
with which we are acquainted are thus formed. 

To 
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To fee now by what l$w heat would be propagated iu a IbKdff the foiid c j* 
cylinder, let us reprefent the axis of this cylinder by a right ^uf.diff 
line A E, Slatt VII. Fig% 1 ; (fee our lad* number) and let us tant panidcs, 
begin with fuppofipg that the cylinder confifta of three particles 
of matte? only, ACE, placed at equal difiances in that line. 

Let us father fuppofe, that the extremity A of the cylinder —and the et- 
is conftantiy at the temperature of boiling water, while its a *^ e 
other ejttr*mity, E> remains invariably at the freezing point, freezing tern* 
By an experiment, of which 1 have already given an ac-P" atU1 ^* . 
count to the dab*, I found that when two equal bodies, A B, Jj c particle™^ 
one hotter than the other, are ifolated and placed oppofite would have the 
each other, the intenfilies of their radiations are fucb, that a tc^mure s 
third body,: C, placed in the middle of the fpace that feparates a body midway 
tbeah, wM acquire a temperature by the ftmoltaneous aflion o^hert^cq^res 
of tbefe radiations, which will be an arithmetical mean be- the mean heat 
tween itots of the two. bodies A and B. radiation. 


From the refalt of this experiment we have ground' to con-_*, r x ^*. 
elude, that if *he cylinder were com po fed of three particles 
of matter only, . A, C, E, the particle C, which is in the mid- 
dle of the cylinder, mail neoeflarily have the arithmetical 
mean temperature between that of A a$d that of E, which 
are at the two extremities of the cylinder ; that i% to fay, be* 
tween 212? and 52° pi Fahrenheit, which is 122°. 

Now let us inlerpofe between the particles A,C, amiE, Suppofc two 
two other particles BD, and fee whether the inirodti&ion of iutwpofcd, 
thele two particles will make apy cbangei in the temperature 
of the particle C that occupies the middle of the cylinder. 

If the particle >&be placed in the middle of thei^xacaoom- Thefe would 
prifed between the extremity A of the cylinder and ha middle, rach uke the 
C, it ought to acquire * mean temperature, bet ween that of the a ture between 
extremityAof the cyttuder, and that of the point C, aamely^ 1 ® »»<Mlepar- 
that of 167®, the mean between 2*2? >andtl22?? and* ifithej,ea^t end ? p«- 
particle D be placed in themidft of the fpace comprifed be- tfcle, 
tween the middle of the cylinder and its other extremity, £, 
this particle ought to acquire a mean temperfttusebctwefcn 
that of the middle of the cylinder and that of k«‘ extremity E; 
it ought then to have the temperature of 77?. 

From this new arrangement, the particle C, fituaia in 
middle of the cylinder, will find for its neighbours on one fide a uer die tem- 
perature. 


♦ See omr Journal, DL 1ST. 
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Ae particle B, at the temperature of 167°, and oil the other 
the particle D> at that 0^77** The point in qhrttion is, whe- 
ther the prefence of thefe two particles wifi ukk* 4m j change 
in the tempemUw^of theparticleC, erttdt«>i ea ri wj 
<— of that middle In the ferft place it is evident,; < thabif Ae eelukifiennfl antes 

^ i * rticlc# of the particle £ on the particle C !foe as dBbadoowits heating 
it, as the frigorific influences of the particle Dfeefat tooting it, 
the temperature of the particle C Ought not \tijm changed. 
But experience has (hewn# Art, at equal drfbmcearifliidrieqiai 
intervals of temperature; Ac calorific mfioenceso&bot bodies 
and Aefrigorific influences of cold bodies, are exaftfy equal; 
and as thediflance from B to C is equally the A ftaut edromD 
to C, while the interval of temperature baUreeaBwncfCfer 
45°, is the fame as that between D and Cs=45°; it I nhirts t 
that the temperature of the particle G, which ir m tfcetbiddle 
of the cylinder, can be no way aflbded by-Ac iotjodudioe 
of the intermediate particles B and D. ' ? ■ - : -j w * 
And hy the fame By the fame way of reafoning may be pcavei, that; the in- 
«e.ibn>t would trodu&ion of an indefinite number of ihtermedMito partides 
by other parti, would produce no change in the temperature of the middle of 
dea interpofed. the axis of the cylinder, or in any part of it; -and i£ Ae^ntro- 
dudioo of an indefinite number of intermediate partideswlake 
no change in Ae flate of a thermometer placed in thru middle 
of Ae axis, of Ae cylinder, we may conclude that the ther- 
mometer would remain equally tUtiosmry, if 4he: number of 
intermediate particles were increased till* Any had Aar proxi- 
mity to each other which is neceflary to conflituteafolid'body. 
If, infteadof a (ingle row of particles in a right flue; there 
were a bundle competed of an indefinite number of fuch rows 
placed fide by fide, forming a foltd cylinder, tbe temperatore 
in Ae different parts of the line A E would remain: the fame. 


But the temper- From this reafoning we may iftfer, that Ae temperatures of 
tinued 0 ^^ 00 '' * ^ ,e different P® 1 ** Ae cylinder fhould decreafe in ari Ameti- 
Unuid decreafe cal progreflion from one extremity of thecy Under to the other, 
from one parti- But itisevideat, that Ait few of decrementof temperature 
irkhm«^pro- cpuld take plane only in Ae Angle cafe of Ae fur&ce of the 
greffioo. cy Under being, completely ifolrted, -fe^aa to be ho way afTe&ed 

oni^ when the *9 ^ *&*** of ^uiTOWKljng bodies, which is abfolutely im- 
folid is remote pof&bfe^ ^ w \ r ; * . ; -v . . 

fcoSet! 1 * 1 * 1 The circumftanoes under which the experiments were made 


Our experiments are very different from thofe here taken for granted. 

are always thus 

influenced. 


The 

bodies 
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bodies We fubje& to experiment are tonftantly forronnded on 
all tides by the air and other bodies which a A on air inftramfeftts 
continually) aid often in a very perceptible Partner; and wd 
can never hope to falsie a cylinder fo completely that the ap- 
pareal progfcfr of beat in its interior (hall perceptibly obey the 
law we tavejiiftdfaovered. In common Cafes it deviates wide- 
ly frcrfn, ibis law. 

At the caufesof this deviation are wen known, we will fee Apprecidoa of 
whether there fee no means of appreciating their effWts. the effcft * 

- The fetface of the cylinder being furronnded by the attaof- The *t^fphere 
pberic air ami other bodies* all which are of a known and fen- C yYmder, 
ftbiy c odbo t temperature, we may determine the comparative 
efleftsrof; thefe bodies on the different parts of thefurface of 
theoybndea . 

. In thofe parts of the cylinder which are hotter than the air -—by roofing 
aadedher furrounding bodies, the furface of the cylinder will 
be cooled by the ad ion of tbefe bodies j but if one of the ex- pvt 
tremitiea of the cylinder be colder than the atmofpheric air, 
tbofe parts: of the cylinder which are colder than the circum- 
ambient 4uid will be heated by its influence and that of thefur- 
rottnding bodies. 

We will * begin .with examining the cafe where the coldeft If one CItre - . 
extremity of tbe cylinder is at the fame temperature as the fur- \hl £m- 
roundtog air; JLet us fuppefethen, that the experiment with pasture of the 
boiling water at the- one end and freezing at the other be made 
when the temperature of the air is at the freezing point, or 32° 
of Fahrenheit. 

- In tbiaaafe it i&evident that the furface of the cylinder mod -—the furface 

every where be cooled by the influence of the furroumHng cooW, 

mofphere. The queftion then is to determine the comparative 

cflfeds, or the relative quantities of refrigeratkav or* Ms of beat, 
that muft take place » the djgbrefit parti of the cylinder: and in 
the firfi place it is dear, that the hotter a given part of the cy- 
linder is, the more heat it mod lofe in a given time, by the in- 
fluence of the furroundmg cold bodies ; whence we may con- —but moft fo 
elude, that the refrigeration of the furface of Hfce cylinder by ^ herc th * hett 
the influence of the air and other furroundmg cold bodies muft w grMtC 
neceflarily diminilb from the extremity of tlie cylinder A, which 
is in conta& with the hot water, to its extremity £, which is 
in cental! with the cold. 

From 
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The change !s From reafoniog which appears incontrovertible, ami vvfiichf 
to the ^dlffere ncr re ^ u °f a great « amber of expmimentsnppem to confirm, 
of temperature, it has beep concluded that the celerity with which xheft botkp 
placed in a cold medium is cooled, is ahfteya proportional to 
the difference between the tempmnlnycof tee^faet Wdyacd 
that of the medium* Considering this cnerteisnascieblifovd, 
we may determine & priori what ought to be the gfiriaOitirt of 
tempera turesio the* interior of a giteaibtidcyiuidef f—rraaoleJ 
by air, one extremity of which is in pentad With mtmxMmm 
He body o(j boiling water, while (k other is fimilnrly m c bn* 

* ta £t with cold* 

We have ben that* if the (efface of the cylinder w arn par* 
feaiy ifobted, the decwaie of temp em tur e tom the hotted 
extremity of the cylinder A to its other extremity £, which is 
, in cont*£fc with cold water would fat im mit kme ^cmt pit y ijkii* 
and it has joft bee* (hewn, that the decreafemeftne o u ftiity 
be accelerated by the ate im of the air and ether fbnmmdtng 
cold bodies* 

. Bat the acceleration of the decceafe of tempcrataic in thoii 


parts of ibecylmder which are toward the cold extremity, do* 
pending on the ateion of the air and fuiroending bedim, omft 
be cooUwaally dhntnffttiegt in proportion aatbt temperature of 
the furfece of the cylinder approaches near er and nearer tin at 
Whence the of the ah ; and hence we may conclude, that if a given own* 
her of points at equal difiances from eaeh ether, be taken m 
ometricai pro- the axis of the cylinder, the temperatures c a r r e sp o n ding with 
feffion, tbefe pQjmg w jj| ,- n geometrical progreffum. 

We may repmfent the progrefr of the deoreafe temper - 
atuie by Fig. 2. PL VII. 

— Ind may be In a right line A E, representing the axis of the cyfiedfer, if 

the^ogarithmic take the three points B,C and D, fa that the diftaocea 
curve. A B, B C, G D> and D £ (hall he equal; and, ereteing the 

Ax g *aJ.° n ~ P^P«rfwHars A.F, BG, C H, DI, EK, take A F=e the tern- 

peratttre of the cylinder at its extremity A, BG&its tem- 
perature at the point B, attdib of the raft^ the ordinates A F, 
BG> tec* will be in geometrical progrtilcsn while their ©nr* 
- refpondihg abfotties are in arkhntetkal progreffion ; confer 
quenfly the curve P Q; which touches the extremities of all 
the fe ordinates mnfi neceflarily be the logarithmic curve. 
Comparifon of We witl now fee, whether the refults of experiment agree 
th6 theory with wi^ the theory here exhibited or not* 

tae expcnme&t. 4 rp 
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To form our judgment with eafe, and as it were at a {Ingle 
gtance, of the agreement of our theory with the refults of the 
experiment, of which I gave an account at the beginning of 
this memoir, we have only to reprefent thefe refults by a fi- 
gure in the following manner. 

On the horizontal line AE, Fig. 3. reprefenting the axis of Conft ru&wri of 
the cylinder employed in the experiment, we will take thrbe i^g^VcutrelT 
points, B..C and D ; one, C % jn the middle of the axis, being and its ordinate* 
the fituation of the central thermometer, the other two, B ajid 
D, at the intermediate points which the other two thermo- ed. 
meters occupied between the middle of the axis and its two 
i extremities. , . t . . _ :» ,rf 

Ere&ing the perpendiculars A/, B£, Gh, D i, and £ it, on 
the points A, B, C\ D and E; and taking tire ordinate A/= 

212,. the temperature of boiling water; Bg=162, the tem- 
perature indicated by the thermometer B; C A=s 132£, the tem- 
perature indicated by the thermometer C; Di=106|, the 
temperature given b) the thermometer D ; and laftly, 1 

the temperature of water mixed with pounded ice; a 
_ curve, P Q, pafling through the points/, g, A, i, Ic, ought to be 
lire logarithmic; that is, fuppoung the temperature of the fur* 

- rounding air to beconftantly at the temperature of melting icc 
during the experiment. 

But the experiment in quefiion was made when the temper- The curve has a 
ature of the air was at 73° F, confeque.ntly, reckoning from 
a certain point, taken in the length of the cylinder, where the ** 

tepipefatuw was *1/78°,; to tbe c^trern^y E, ^ iuAutnce; of 

, t Wtead:,Qf c^ Cy- 

linder, heated it; and it is evident, that the curve RQ>auift 

. i,. In it'8ppftwm l q« eitiw&le infp«A^i^ihe4gm/dwtItbfiknfMi 
. • She q«rv8 hfV: MufWPt Wfl^Kion; fettt wefcte . 

v ,taWiW&fte,»Si*e£ tto^ylfodeK iM»o^fl®ibr;to.th»Ujoining, 

M»* WW*; length*. cOMUtx toward 

•J , the part, .f th« i« aaiii^E, 

4»%C* feijfibJ, f, m , WgW«W»>Q. pert w»Wy tawmd at* 

t ,j93areo>Uri?' . ■ io*i, ii;j • r ' •> 

It ought neceffarily to differ cmnm>Otjar outbade. The dqvUrien t« 

, »*faw 'ftf P?r thermometer*, are kufthftjdohiatidn be- J*_ 

,i Voi. XII.— November, 1805. M tween Mt of tbtt. ' 
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. t '™ ee0, t ^* V4in^tes ,A/>v>d P* refultrof 

, ab ~ 1x5 afcr, bed 10 the 

Som^h* ££* J l e - h °7 “ lh * Curve P « **«• &*»,<** JwM™. 

irtimic. ' . , w * have on |y l< > draw* {ogari^MBic^qTyf &§ Jbrpegli ^ 

points gand i. and yre flwlj tfrat. tfca, <* 4^ies<*s*rel{>ond- 

inglothe points , . 1 . , 

, * V - r ’ '■ . ,J V.J t -U t»aJ ,£i V.w 

Tnrt’ J r i ®* ..€»i ', <it J?*,i!ylH ;%• 

Innead of being 212* 162^. ... I32?i.., |06f j ■&' 

Will J» T 193.55. 162, .-1?JL.» i iO^f. J0.S5 

Difference . -2*45 0 . 6 c1 i' ft'Ji 

Afcribed to Hie very j£reat difference A that extfts between 'ihe temper. 
Mamiua4 .***• ®°ld water, and '(hat indicated by #ie"r«tfullftif the 
of heat, experiment for the" extremity of the cyIindef ; Whicfi Ww in 
contact With this water, led me to rufpeCf,tfiatit'was ti j>*fi'g 
to the quality poffeffed by water in coinmod with 'other fluids, 
which renders it a very bad conductor of heat. 

— «ad th« cur- ' ^ be true, aj'I believe I have elfe'wKhnt proved; that 


— «ad th« cur- ' « « be true, aj' I believe I have elfewKblie proved/ that 
Sl'bltl! lh6 ? k ”° fenfiWe ooidmonicNtion of iieat : ^etW&T (tie^jt- 
eoafideraWe. oetit'pwticles *f a fluid, fh>ni one to another 1 ; and lhat feat is 
'-propagated through fluids only in corifequeiice Vl&olknof 
their particles, refulling from a change in their Tpeciftc gravity, 
OCC8 | Jon od by 'theif being heated or cooled: ai t^pecific 
gravity of water is very little altered hf an mcoiiMWable 
Change of temperature when (his 'fluid - If n% the freezing 
point, it might have beCn'fttrefeen,' that aioHatfeidy a little 
• 'heated; 'and plunged itilO cold water, would ^Ajfe'ry’flowly 

Esperin«,t to The refult of <he following experiment, which I^Wib 
*"* •• * * viewrib el Udhfateth ft! pbi n t , will pdt thfc faQ out ofaftob'- 

wben *« «®£ *** tbtee'thbrtbameters being ftulibrtary/ one, B JNfc*. 

vszi? , *r* r* v^'s-.iwwZ-d. ». A4Ut; 


fitrued to fhr it uninterruptedly, and with the fh«* Vek J£ 
»■ 1 -ilfofWwoatottotieeiwy teftflddSsV '■+ ol Jr. lT:oj ■ . • ; b y* 1 
' ’ ; v J * bhd.fcawoly.iegtfh^flii ****?'*& I had 

..OJI ** * 1 7 - V ' At , 
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my conjedUret wore well fettoded. The mercery in the 
three tbermomei^ 1 immediately began todefcend, and" did not 
iiop lift it bad (aUen ; Very cotifiderably. 

Theihfeftbbmbtmr JB'feR from 162* to l$f° • C ftonr 
to j and D 78 f # . 

On fog thefe mnhberfr vtt find, that, in cbiifequence 
of the agitation of tiie cold water for two and twenty minutes, 
the thermometer B fell 10° of Fahrenheit's fcale, the thermo- 
meter C 21 v , and the thermometer D 28°. 

As loon as I had ceafed to ftir the cold water, the three 
thermometers began to rife, and at the end of a quarter of an 
hour they had all reached the points from which they fet out 
at the beginning of this operation. 


]32£0 Quantities «f. 
deprtflioa. 


To facilitate the comparifon of the refults of thefe tw o ex- Diagram to r«5 
periments, one made with cold w T ater at reft, the other w’ith ****** 
the fame water in a ftate of conftant agitation, I have repre- 
fented them in Fig . 4. 

In the firft place w f e (hall learn feveral very intercfting fadls Obfcrvations 
by fimple infpediion of this figure; we (hall fee, 1ft. that the^” fl [ his cx ^ 
progrefs of refrigeration, or, to fpeak more properly, the de- 
er eaj'e oj temperature, was every w here much more rapid, when 
the cold water in contadl with the extremity of the cylinder E 
was agitated when it was at reft. 

2dly. That the extremity of the cylinder in contadl with 
this water was conftantly near 30° colder in the firft cafe than 
an the fecojid. 


3dly. We (hall fee, that the progrefs of refrigeration was 
every where, and in both the experiments, fuch nearly as our 
theory points out, 

Thedecreafe of temperature toward the middle of the cy- 
linder was fo regular, that it is more than probable the appa- 
rent irregularities toward the two extremities were occafioned 
folely by the difficulty which a body of water finds in comrau- 
'fn mealing Its mean temperature to a folid, with which it is in 
f i contadh 

The boiling water being in continual motion owing to its Agitation in- 
ebullition, it had a great advantage over the cold water, which creafed the ef- 
g was at reft, in communicating its temperature to the extre- fnf wlrtHikt- 
mily of the cylinder it touched; but I have found, notwith- wife, 
fianding this, that by agitating the boiling water ftrongly w ith 
a quill, and particularly when with the quill I made a rapid 

M 2 fridlion 
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PttOttdMnedfriM 4b»iHxwM» ii ^*r r .<o Tift <t»tral 

degrees. *'*•'•' * • • * > %• * '* •’ 

4 ttc tfflfttrhce 1 HHty* p^bap* be imagined? Said \rtt iftgbt **£ 4h0*e(fllu of 
pcrimcntand the «*f>eriment, that, ar the<tftiw lh aWiP4fcferft whidh bcdn- 
theory confirm" ^Sd tHe phrfs 4febbt-fho ; !iiieid!^ of the*4*ft of tbecytiodef 1 , did 
iu truth j Thr^t iftdibhfrb tl dbfcteafe pdrfedWf agreeing bilk th* theory / Ike 

* theory ‘ftfetf dannot -be ’true*: hot ss arK^mbnlVreflcdboit will 
(how, that this in&rehek W bald* bet 06 baftfj end that iHd’tft- 

‘ r fefktK&befWfeetattoe theory *awd ; the refakd of ear expedneDts, 
far from proving any thing* ad*erfeto<th* theory v farve oWthe 
bohfraTy lo render it niOre ptdbebV - » 

because the The refults of fuch experiment*’ can neve# •agtee 1 with- the 
tSSwmeurt excepflhe dttifion* of t>ur tfeor mortieters be*p&i<eSly 

are defe&ivt. ,H afccbtate i' but it wtW known tb evcry one> ! who h aa fr y 
'kKtfWIMgt* of hathral philofophy, that Uie dfvhtaw a# twkHihr* 

mometers are defe&ive. : . k * 

Tdlmproie thb ^ One oP^theobjeft* l had in vifew in dbfel Ofcphlfaiefct*, of 
I 1 havb’juft given m account t<* tbocfa&i’ Undhi fedAal 
tance. Others; Which' I Mend to* make witbeUtdftlajv i»toM*Wprim: 

dfvifioh bf the (bate of the thttfxMtteter^iftlMdeM^t^hder 
this 1 variable Inftrtitaent df ^teater titHity ^^edWtefcaio- 
veftigations of natural philofbphy. J - 
The air thermh* ^ Itirppdafs certain /that 1 the ihmreafe oPlbe>#Wlieitybf ah 
S^atteode?*" hjr ; Hfekt is fttbcft*rhore nearly proportionate tatk^ iHWafe of 
to. temperature, than the dilatation of mercury >ofr arty - hu O Wii 

* n ffdid ; cbnfetjeently ft is the air ttofratocheterto* ought lb oh 
V( defcvbar tb improve, aod {which ma^ ukiaaAtal^aflfcrd bi*he 
mod accurate meafare of heat, that it Mr life* to 

- J pftHtore. „ \ 

.^:U- i ’ I • ■ :. . , . , . 

• .>.$*; FJS- JY» . The JJatt proceed, in a Jiody , by, ft.&vtn £tuu(itj 

-juji iUffo.lv thefto# fadptfer. or voter, 

wM'wwot* .: »i„ « 

Whether the ‘ In all cafes wheM the rays of (be fun Uribe on tifefiM&ce 

****%*(' *“* df M bdmfMffeatM.^hMst ii4g*o£aled, 

. *«!Ww«tii»-' *P*bfe'*body' <if 'taftitgfed fe-lbe 

■ . .jri^rus.ui SO MicbdtUdwafysiMtyepoWorirW tBeqtan- 

fcsbed, 1 *“ ‘light ThSi tS'h^vety fatcratfng 

" ^ueftibrt; -and has not hithertb found a dcd(iVe ; fohitioh. 

’ When 
T 


Digitized by Google 



OJSt H*AT ANVUSRTw mt 

-Whan weconfider die prodigious intenfity of j thd:heat!*¥- It does not foU 
e5f«d iir tbcfocosat abariningmktonoc a Jans, weiare tempted !?* 
tq before^ dfaf d m aqimc w fr afaori eed ocndeafaliim of tbe.f( 4 er/y v /« power of 
rajis increafetheif rpowee of exciting heat 3 ? but, .if we examine: *h e rt y #t0 P ro “ 
that sttsttec mote i dolely , we^aroobligadt tbcpnf * 6 *. 4b* t feclMncreafcd by 
aiS aofOirntadtn wxmfcM)* inexplicable. > It wou Id the, equally wndcnfing 
fo on both the hypothefes, which natural philofophers have ea * 
f(Vioed of^th«natifr^«fdigHtr.tbr, ar it baa been proved both ' ~ 

by-eofeolaatan- aed experiment, that two » undulations, in an 
eltftie fteid may approach and even crofsteach other, without.! 
dcvangingt either .their refpedire directions or velocities, if: 
light be analogomito. found, we do.no* fee how ibo concen- 
tration or. condeafetion ofthefe undeiatidns can i n area fed) eir. 
force of imptjlfe : and if light be a real emanation, at its ve%; 
loCity is not altered, either by the ehange> of 'dire&o* it UR* 
dergefcj'ifr pafftng thtoogfa a lone, or by its reflexion. from. theft 
furtaceof a polifhedbody, it feensio me, that the power of 
each of thefe particles to excite orimpart heat, rouftneeefiatfily 
be: the fewer after refratf ion or refiedipnas beferei; and con* 
fequently, that the heat communicated) or exoitediinoflbe^ in! 
io all cafes, arthoi quantity of light Ubfor bed, » '• 

i have juft enad ei feme : experiment 9 t which appear t® mt to TxptraAentd ’ 
^‘beyond queftkm. in»e«ip«ton. • 

Having procored fnom tbe opticianiLerebouw two lenfet Two 
perfe&ly equal, and of the fame kind of glafs, four inches * 

d iamet e r, and of etaavro and a half focus, 1 eicpofed them at 4he « W, 
feme time^o thedbn, ftdc by fide, about neon, when the iky 
was very^cfearraad by'ioeans of i wo thermometers, ot; refer* 

Votrsof hept, >of a^eouJiar conflrudttonv I determined the res 
litivo quantities oih beatj that were excited in, given times by 
ibe.folar rays qt diderent didances* from the* foci of the Jenfe*. 

The two refervoirs of heat are a fort of Sat boxes of brute to throw the 
filled with water, Each of thefe refervoirs ip three inches ten Jj^ tin'toses* 0 * 
lines and a half in diameter; andTfit lines thick, well polifhed containing water 
eacteowlly oh all Tides except one ot its* two flaf feces, which 
•wastblockened by ihe Tmoke- of a candle. On this free ttfe U 
fifrkii ray i were meerved' ip ibe eoperieityttiu • { 

Eafch eof i hefe/: wfcr voiia df beat weigh* when empty 68*0 ‘ ’ ; ’ 

ygr*jh^j»£s.dttadmy (nesrta puomftrop)} abtoontamsd 210 
grains of water (about ? o$, 2 dwt*. . .>*! ! 

r/. Taking 
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The tempera- 
ture of the wa- 
ter in each was 


mometer. 


J(J# ' COUNT KVICTOlD’l NEW EXPERIMENTS 

Taking the capacity of brafs for boat to be to that of water 
V is 0,11 |o it appears, that the capacity df thothetalKc box, 

weighing 6850 grains, k equal tb thi capibky gnins 
of water ; and adding this quantity of water to tbit contained 
in ’ the bit, we (hatl have the capacity of ^e teftftdir'^re. 
pared for the experiments equal to that of 1952 gfcahif df 
water. 1 

Each refervoir is kept in its place by a cylinder of dr^ Wood, 
one of the extremities of the cylinder being fixed in i fodke* 
fhewn by a thcr- in the center of the interior face of the refervoir; stid each 
refervoir has a little neck, through which it is fitted with water, 
and which after receives the bulb of a cylindrical tbermotdetor, 
that reaches completely acrofs the infide of the box in the di- 
rection of its diameter. 

• The two refervoirs of beat,, with their two lenfes, are firmly 
fixed in an open frame, which being moveable in all dire&ions 
by means of a pivot and a hinge, the apparatus is eafity di- 
rected toward the fun, and made to follow its motion regftkfly, 
£o as to keep the Tolar fpeftra conftantly in the centers of *tbe 
hlacjtened faces of the refervoirs. 

In order that the quantities of light ptffing through the two 
lenfes (hoald be perfectly equal, a circular plate of weft' po- 
liced brafs, in the centre of which iso. cirtdkr hold tbtee 1 in- 
ches and a half in diameter, is placed immediately before each 
of the lenfes. 

When the refervoirs of heat are placed at different *dttbnces 
from the focufes of their refpedtive lenfes, the diameters of the 
iolar fpeftra, which ate formed on the blackened faces of the 
refervoirs, are neceflarily different ; and as the quantities of 
light are equal, its denfity at the furfaceof each refervoir ia 
inverfely as the fquare of the diameter of the fpe&r am formed 
on that fur face. 


Light admitted 
through equal 
apertures* 


Nxperimei*. 
With equal 
•perturrs thd 
iolar fpott from 
the lenfes were 
•f 6 and of 14 
Hues diam. 


Experiment I. 

In this experiment the refervoir A was placed fo near the 
focus of the lens, between the lens and the focus, that the 
diameter of the folgr fpeQrum falling on it was only $ an incfe» 
or 6 lines, while the refervoir B was advanced fo far before 
the focus, that the fpe&rum was twp inches ia diameter, op 
24 lines* ... ^ \ * . . v 

\ i' * As 
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As thejpjantities pf Jigfit falling on both were equate the The denfities of 
denfity of the light, a^ tb^fuf face of the refervoir A 
denfify v of tljat At, the furt'ace of the refervpir B, as 
of S&4Q,ifc fq\iare pf 6 , or as 16 to 1. 

J imagined, thaf, if the quantity of heat, which agiv^n 
ntity of light is capable of exciting, depended any way on 
its denfity, as the denfities were fo different in this experiment, J 
I opu Id not. fail to difeover the fa6t by the difference of time, 
wldqh it yvpukl require to raife the two thermometers the fame 
nujnber of degrees. ^ 

Having continued the experiment more than an boor, qn .glut hvth the 
ve^y fine day, \yhen the fun was near the meridian 
ih one extremely bright, I did not find, that one of the refervoirs times* 
was heated perceptibly quicker than the other, 

1 ^ Efperiment II. 

• i 

X placec) t(ie refervoir of heat A Hill nearer the focus of the Expcnment 
lens, in actuation where the folar fpeftrum was only 4^ lines 
in diameter, and where blackened paper caught fire in two or fpot* were u 
three feconds ; and I removed the refervoir B llill farther from to 
the fociift, advancing it forward till the diameter of the fpe&rum 
was two inches three lines. 

Thp den(ities of the light at the furfaces of the refervoirs in The denfitka 
this experiment were as 32 to 1. * 

The temperature of the refervoirs, as well as that of the at* ** 
mofphere, at tlie beginning of the experiment, was 54° F. s= 

9*1 R. 

The refervoir A, after having been expofed to the a&ion of Thedenfcft 
very intenfe light near the focus of the lens for twenty- four 
minutes forty feconds, was railed to the temperature of 80° F. 

=s 2l°-J R. 

The refervoir B, which was much farther from the focus of 
its lens, was raifed to the fame temperature, 80° F. a little 
more quickly, or in twenfy<rtfcree minutes forty feconds. 

To raife the temperature of the refervoir A to 100° F. *= 

30° | B. ft was necelfary to continue the experiment for one 
hour fifteen minutes ten feconds, reckoning from the com* 
mencement of it ; but the refervoir B reached the fame tem- 

* . ' ^ .Hr 1 ' + , » , , y * ) > , - * 

Derature in one hour twelve minutes ten feconds. 

*» . ”■ 1 k ( I f ' V I : $i *•. I I t ' ( v ^ # - 1 *T ; 1 

The progrefs of this experiment from the beginning to the 
<nd is exhibited in the following table : 

Increafe* 


the fquare light were there* 
fat as 16 to i } 
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The general re- 
sults tabulated. 


Increafes of Tem- 
perature. 


Time taken 


From 54 Q to 80° F. 2 V. 40" 
80 85 7 45 

85 90 9 5.5 

90., 95 13 30 

95 100 19 20 

54 100 75 10 


23' 40" 
7 30. 

9 0 

IS 0 
19 O 

72 10 


1he*a?«wert 

convergent in : 
the preceding 
experiments. 


Time hf the w This experiment was begun at 7 minutes iO fecond* after 
perimeat. and finished at 23 minutes 40 feconds after l6, the Iky 

being perfeftly clear during the time. - 

Hence light doet On comparing all the tfe foils of this experiment, we fee, 
heat^abfofately thatlhq refervoir A, which was placed very near the focus, was 
hjbeiag con- np€ ftowly heated lhan the refervoir , B, which was at a conri- 
***f*f* derable diftance from it*. The differences of time however 

. tJ^kea to heat them an equal, number degrees were very 
tfl&ing, and I think pay be.eafily explained, without fuppo-. 
fing the condenfation of light to -increase (<pt. diminifh?) its 
• . < faculty of exciting heat, 

*9hpr*?« wma In both the preceding experiments the folar rays finking on 
^p««diDj‘ the refemoir* of he^t were convergent, and they were even 
experiments. equally fo on both Tides. To determine whether parallel rays 
have the fame power of exciting heat as convergent rays, { 
made the. following experiment. 

Experiment III. 

When om veiTel Having removed the lens from before the refervoir B, 1 fuf, 

the pmiUdi^t ^e ^' re ^ ra V 8 °f f° n to op the blackened face of 
«*' the fun with- the refervoir, through the circular hole three inches and baif 
out interception, ; n dimeter in the round brafs plate, which had been conftantly 
placed before that lens in the preceding experiments. 

The refervoir A was placed behind its lens as ip the former 
experiments, and at the place where the foiar fpeftrum bail fix 
lines diameter, 

* Djd not the elevated temperature of the fmaller furface fu$aji* 
its poweFof tbforbiughcal, cotpfprmably to the known laws of heated 




Huyii^g 
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tfodhA;ib&mtim» fete* 

referVoIr Bi 'oiS WWMi 'fhe diredVay^feUj waf 

quS^ke^tfiim expofed fpeftroa of 

of the concentrated rays near the focus of the tci&l' > fcieniL'pait*" 

The of 'th^appidaftft^nd of the Utdfid^eS^ it fom* 

the beginning of the experiment being 53° F.' ibi^ 

refervoir A required twenty4hree minutes thirty feconds to 
raife it to th© temperature of 60° P. == 2.1° ^ R; but the 
refertfoir &] * which Was ixpofed ' to the dif e£t rays of^W-fifri, . 

aqqulred^tho fame teraperatufd 1 inVi^h^een minutes ' if&ty'' 

■ * ‘ * ‘ 

Yo r6aijb the teimpfcratiitW of loft* fc. t* SO 0 j &. tA&Sllik 1 
refervoir A one hour and three minutes, but the refervoir B forty- 1 
feVen mmufes fifteeiV feconds only. ' 

; TK^ following table wilf lHoW tie p^ogVefs of thii expert- * 
ml<6nl from the beginning to the ehd. 



As a considerable part of the light that fell on the lens before This difference 
tM refervoir A. was loft in palling thrash it, it is evident, j*2*»*“ 
that the quantity received by this refervoir was lefs than that faffing through 
received by the refervoir B, which was expofed to the direa ‘the leas, 
rays of live fun ; and we have feen, that the latter was healed 

rdore rapidly than the dormer. , 

As we know not exa&ly how much light was loft in pafling This experiment 
through the lens, we cannot determine from the refults ot this ^ C1 ^ VC • 
Experiment, whether convergent rays be more or lefs efficacious 
ip editing heat than parallel rays; but the difference in the 
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• f times of heating was not greater, as it appears to me, than 
we might have expedted to find it, fupppfing it t j be occafioned f 
Solely by the difference between the quantities of light a&ing ^ 
on the refervoirs. 

The refult of the following experiment will cftablilli this 
point beyond doubt. 


Experiment IV. 

Exp. 4 wis Having replaced the lens belonging to the r^fervoir B, I 
^urc^nT 1 a< 5 u ^4 Ah*? refervoii; A9 fuch 4 diftanqe between tj^leyif and 
fpedra j\ut the its focus, that the Tolar fpc&rum was one inch in diameter j aod 
thefeju! wwf*"I .'&* rofervQir A»( the x di(tyi£$ b^yooc|s> H 
formed by con- focus. . w G 

r *ht l ^ C ^ uant * l ‘ c * h’ght dirftded toward both were equal ; 

^without by <U- an< i the diameters of the fpectra, confequently the denfities 
\ orgeat rays, of the light that formed' them, were alfo equal ; there could 
be no difference between the refults of the experiments wilf^ 
thfc two rerer’voirs, gScept'wKanfcas derationed by the dftfer-* 
Slice in the direftion of the rajs that formed the fp€?£hn. On 
oni hand thefe rays weire convergent, and bn the other divergent} 
Slid I had Inferred, that tf parallel rays wef£ 1ft* ri&ltty hrft 
efficacious in exciting heat than convergent ray’s, 1 as foth^jSil^ 
lofbphers have fuppofed, divergent rays rouft be Hill lefs efB* 
cacious than parallel rays, and confequently much lefs than 
convergent rays. ‘ • ; 

Ko fenfibk dif* 1 Having made the experimeht with all poflibfe care, ] t found 
oc. n( > fenfible difference between the quantities of heat excited 
in a given time by divergent and convergent rays. 

The following are the particulars of the prugrefs and refullg 
of this experiment: , 1 ' 


Ko fenfible dif- 
ference oc* 
burred. 
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Vtom the refolts dPall the experiments, of which I have Coodoioii. 
grvetfan atJcbuht^b the claft; we may feowfliide/'lha^the 
quantity df &eatexti(e& or communicated by the (ofcVrfc^s is at the b*htab- 
always, and 1 under all circumftances, as the quantity of light fcfbcd * 
Ihtftdifatpp&itf. *■ ^ \ i < " <* •' 1 



Obft/rvaRms on BfdjHng Racks; uith an Acc&tint qf an Ikprvtc* 
ih&tti 'thereby Me Danger qf accidental Explqfion is in a great 
Rieajkrt deviated. By Mr. Wix/liam Close, from the 
Author . 

" To Mr. NICHOLSON*. 

SIR, - Dalton, OB* 14» 1305* 

HE method of confining the force of gunpowder by a co- Pra&ke of btift- 
lurnu of land in blafting rocks, has been feveral years ufed 
this part of Furnefs : At one time it was a very favourite prac- 
tice^ Wat prefent, from the prejudices or indifference of, 
workmen, or on account of the little danger attendant on 
working lime-ftone ip the common manner, it is lets in 
repute. 

About two years ago, fuppofing this method not to be ge- noticed by the 
nerally known, I drew up a thort account of it^ and (liould 
have fent it to the Philofophical Journal, had it not been con- 
reeled with other mifcellanequs matter, which I had given to 
Mr. G. Afliburner, the printer and proprietor of a new edi- 
tion of Weft's Antiquities of Furnefs, in which work the pro- 
cefs is deferibed and recommended *• 

Though 

a The paffage alluded to is as follows, p. 393.* “ In breaking 
vp tha IbOfcioektupon B*y£tfff Hagg«, after the en cloture of that 1 
common, ;a meihadi&f employing fea-fend, for the jmrpofe of con- 
fining the force of gunpowder in hi thing, was ufed, which does 
not appear tp be generally known, though it was undoubtedly in 
life in other partf before it was adopted in Furnefs. The method 1 
it bfk&Ubis : After tHo excavation, is made in the ufual manner 
with a bows, tbe^harge of powder if poured inland a pruning- 
Aiawofa proper lcngdi, filJed. with powder, isplaced io the^hqie, 
having one of its tides near the lower end fo cut or thinned, that 

the 
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Improvcyueai by ThoOgV^kmethodiandoubtedk worthy of much attend 
aounoc^ 4a ~ t* 00 * an< J ma T iC ^ len employed with advantage ; vet, when 
a flrpog. charge is repaired, the common mode of Hemming 
muft^ frequently adopted : And as the danger in blaftmg 
fome kinds of rocks in this manner is very confiderable, I am 
happy to notice an eafy method of obviating one principal 
caaffe of ac'cicfenial exploWffrt,* wtlldi was c o?n mu h i ca l e d "t 6 
me in convention, a few days*agOj by Mr. Thomas Fither, 
a refpedable date merchant ii) this town, who aflures me it 
is frrfaliibre, 

Ctufcs of acci- The principal danger attendant -oir-bla&ing* <fo»*hot^twiL 
The* incipaHs ^ ^ n ftetrimingtopon the charge' of. powder, but in'the fffbfe. 
ftomthefriaion qnent operation of drawing the iron rod, called the pntM*, 
nf . t ^ jr . on w hich makes the channel for tbfe priming/iUaw. For although 
drlwing'H ' ^ ie co ^*^ on °f the fragments of ftemnting fometimes prbL 
duct& an'fexplofiony yet this may be prevented by ptevteufly 
ramming a thick cap of paper, &rc. upon the powder ; b) 
beating lightly upon the firft pieces of (lone that are thrown 
into the hole; or by ufing thofe materials for Hemming, which 
are leaft liable to give fire, fuch as rotten (lone, pjeces3)f 
broken pots, or burnt clay. The pricker being hard prefed 
ngainft the rock, and in clofecontad with the ftemming A can* 
not 6e drawn out by hand, but mud be ftruck out by tha 
hammer, a flrong. piece of iron called a, jumper heing firft 
placed in an eye or loop in the highefl part of the rod* to re* 
ceive the blows which are given in a proper durefliontobringj 
it out of its place. Now it frequently happens, that the fric* 
tion of the lowed part of the pricker againft the rock fires the 
powder at the firft or fecond blow. When the expfoiioa 
happens at the commencement of (lemming, the workman 
generally fuftains only a partial injury ; but w hen in tkis part 
of the operation, when the powder exerts its whole force, and 


'■ thtotfargr may partially comxmwricite with tfce 4 r*&}%fi&fcdifeg 09* 
lamkrotafflied m> the ftrfcm Aftpt tbit* the re Miishr ef theei* 


eaahtienis fiUedy by^poarmg in dry aad ttoeJexptaiott it 

ghreto, by.^riag the pwirnagwhrawdmany o£tbe*w*nm wty*{»tfch 
•eriiTDommon ufo \ , . i. 

M This method has been found to boc^uaHy^flfeftual ifc fern* 
rfliag with any of’ tbeeeiutnori material*'; and where ifeayv be vH 
preferable ; it ii(afirr{ dmpfer, axd^ott^expeditimis** 
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^fperfelpfecw^khd^U^^ in mk>a« dice&ioni, his 
life; isinAhe? urtmotb danger,' and his.fiUuiibn iatxuly terrible 
UTconftrtnplate. * , t 1 ■» 

i Mr. Fiftsr’* jmpit)W»ant is ta^obmte 4hi$ danger ; ,and Mr. F/s cxpe* 
tanfiiU in the. life of a copper , rod , or pricker, for.makthg ofco^wT 
3 the "taleilhftfc receives the ‘.psiming&rawii indeed, of one of which is not 

- iA^,i,«vhich> -before 'wasevpry ivhcre. employed in tiris.pMtof fire 
* the kingdom. 

: In our conv*r&dioa)Mr. F. ohferved, that foil ©,, years, ago, 
f 4brpe< expMonst happened tmrdtaftwingtlhe pricker* in -the 

- conrieelsieftnight,! at.his jqafrry viti Kirkby Ireleth*. and that 
i tme man being kitted *nd two wounded* federal .of the work- 
men were fo intimidated, that they refolded tcj abandon a 
place which they coniidered 3Su.cfeftined to daily misfor- 
tunes. It therefore became,, highly requiftte, on feveral ac« 

tqr^tfqmpti fome innovation for the lecurity and en- 
couragement of the workmen. 

; Tfermetfftfftfifg on thexaufe of thefo accidents, itappeoned 
r moa rational to attribute theip to the iron pricker giving fire 
by its fridion again ft the rock, which was a hard blue rag, or 
t ^ tyogonff: ,j*nd 4rpip; this w ofvthp. capfc, 
y\ tha^L £lje|y would accrue from the uGp of p^ck^er^cpnftrpfled 
of thole^ ( et?M'Wiuch#re>|eaft difppfe^ tp givp:firp»witJ\,ftone. 

Mr, Filher, therefore, determined to make trial of copper. 
, r;W t Mw}«» ,pfpcapri4b|ne, iffipfowept^ of thi?,Jcj«k ifund - r 

: .4]»«0 pufpofe, cpjjpJetply. is Pp»VJWW d * ju^k mpif. 

«f <We this, jippTOv»m«ftl,Hi(a^pi<Jflpte4, ; an4,«fno 
.,<Sfplp£pn ha ^h app^ned at themj of-fien^ing in, fh^ 1 pg^pd > 

.. af, an .exteofive.wpik wli?r^a<^ci^nt'i^cre <fe¥fW e o^W e » 

^ Air. F. colder* the means ipfajlbble.j, an^. jf JbfRPT 

to thinly th^Jt, m^yfed inisfr^nef, ltfvp.,be$q (fhqejjjt gfe- 
yeoted. 

„ ef. svhkh <3«flPiW -/p4f ,ffe «Wff»vfeda(ihW.^ ftHwS^flJWre 
. no*.' Atari. of.fhefs a,b»^U^td e ^ba«W)»«dia / f6S5(,iaf^hs 
qgo, tfronum ejcplqftoa.apotv^f^inga iqd of iron.' , 

Prickers fucb jwmM hy M/.,Fifoer»,a<.t<*6tyef*<fri»ft<»d : - 
s A piece of; copper J^ing forged »p4j«s,pnp|»pq}e||gtb K flttpe, 
and thicknefs for tbe body of the tool, is rivetted to an iron 

- header Joopfitfiilar. tolbat) of the common pricker.’ Thefe 
implements when carefully ufed, are nearly as duralble as 

—Ibofeof iron. 

6 Sand 
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m 

Advantage of S&vd hmwi hitherto bedtVnfecEiri the ft ate quite* 

torek!**’ ** rfe * fcy *M*y <rel«t(r. The eoeftenr db«* ftffik it'^daM 
fnoceed well in theirwork. I have frequently feed Mf/Filbet 
ttfofrjftfimeffohe rock wear thistbWrtt Hfefays^ ahfw te rt 'the 
bed in-deep holes, tat think* that ‘fahd iV-mOre Bubfe^ f#He 
btovvti out thhn Retaining. He tMo 

mBvaft»t«gfeoi]r method of woHungi ii*dmtaglteVfeb,‘fehd ttfei- 
ing in firm rock, to ufe ftrong charges of j5o*ftSdry*Hfe^fee 
. Hone mm j be ft ri Bciei it t y brokeh by the fefcpfofion to MKre. 
•* me^ec^^vlthoet 'Aiuch jdSHance from the' tae rm er, 

’ 6t Che lever : Fbr lhusthe\expeditfori^>f the woHtnmpfy4dih- 
petrfatte* for Che fmall addition whfcfc isrequifitetd a Jbmnsda 
. thavge of povtder. ‘ ’ “ * c * V * 1 .- 


lam, Sir, ^ 

* YpuKa. refpWlfiilly, 

WILLIAM CLOSE. 



■ ! . IV. . • * d ti 

; > . . : * V 1 \ -rl 

» Defiription qf a portable Steam-engine, invented hyMr. Samvel 
Clegg*, David Street, 'Mancheftcr . Cmtwucatai ^y 

Mr . Da lton, Le&urer at the Royal Injlitutim, ^*cy t , 

^rp ■• . * -!‘* 

Btfeription of t A HIS engine is worked by four copper valves ijxjheufiml 
•§«■ Vhpne. manner, but the meebanifm for lifting them is very jdtfl^reot 
\ from any hitherto made: there- are no levers employed, for 

opening the valves, and there is no hapd gar..; 

* and exhauftion valves are on the fame horizontal plane ; tfxpfe. 
v which are* vertical to each other are not like thole Ijithesto 
" ufeeb both expofed to the fleam or both. to a vacdump bat by 

is fimple contrivance in the conftru&ion of the noasiest Afcc 
one is expofed to the Ream while the other ha* a coma&nia*. 

* I ion- with the cpndcoRng vefiqlJ From wheVhak beep /aid it 
Bftay eafiljr be perceived, if* the two valves' be counted lo- 
gelher by a ftraight rod, that when this rod is lifted, the pref- 
fore is given to the piftori, and tb* jeaffch&Js jmt’iiHA^po* 

“ lion;, and if the other two valves be connected In the fame 

a Late* apprentice to MefiTrs, Boulton and Wat|i, of Binning- 

. ... . /!! .1. I % k 

, manner 
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manner and lifted at an appointed time, the engine is kept in Defcriptfon of a 
motion. The out fide appearance of thefe nozzles may be feen 
at Fig. 1, c c f (Platt IX.) The rods which come out of the 
bottom of the nozzles are kept tight by vertical ftufting-boxes, 
the whole of which is hid in the drawing by the frame. 

The next is a new contrivance for producing a rotative mo- 
tion from a reciprocating one, which not only Amplifies the 
machine very ratfch, but exceeds the power of the common 
crank by nearly one-third, in confeqaence of its a&ing always 
perpendicular to the radius of ihe wheel, which is done by a 
rack and wheel, as reprefented by Fig . 2 and 3 ; and as this 
plan of connexion diftributes the power uniformly, of courfe 
a much, lighter fly-wheel is required, which diminiflies 
friftion, &c. 

' Explosion if the Plata. 


r> 9ig.\.^ x ^'rtpxtPoi\in^tt ofthe engine; otifc of the cor- 
ner columns A A) which fupports the' frame, fer*e$ Hkewife 
for an edu&ion-pipe and condenfing-veflel : the air-pump £ 
is joined to the condenfing veflel by the pipe D; e is the pif- 
ton-rod, and though it works out at the bottom of the cylinder, 
it is as eafity kept tight as if it worked out at the top; b is a 
'flrirfar rod Which -keeps the rack perpendicular; aO are the 
two radnft bars on Which the br^fTds are fixhd that fupport the 
lhaft ; by this contrivance the wheel C eafily mOvcs front 00* 
ttrtfteWber of fKe’Wck F. ‘ ‘ • 5 .V 


v ftg. IP. to ** vieW cf the rack on a large* feale, wheteCVe- 
prdents the wheel and 'fWtbe fhaft; lE E, a fbding-bar, on 
wfttfeh a is n fixed v 'thd"ftnial! roillbr#, ferving as a cofttie&ih£ Knk 
^keepYHff Wfie^fC alh4y§irt g^fy kk, wlWnfbeWhetflis 
in n ^^'iyn , ihe ; op'p6rtuS 3 ffde‘ df the Roller o Is on 1 Ae 

otherttd'hf life pfatfe a a ; b0i l 9L Will perhaps bemore <cteafly 
undt tf fWo tf by thfe ’pfeh, :I Pfgi where the letters represent 
the elation, /%. 2; This defctfp- 

tion may be eafify^MerfteK^^y tbefe Who already pofieft a 
Mile knowledge of a fteam-engij^ 

,! "» r \ I , > . . / . 
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^original Situation, withoift dijlurbing the Inter&'^nttykU- 

•7 ***•■" ]■ ' ■ •. 

To Mr. NICHQLSON. « 

Dear Sir, ” ; • :>r , 

^ted trot by ix willbe a.pletfwetQ you I knar® torebocd 
«f Clap him"” j^rut ir fancy in your valuable anll’-^W&S?I 

cboreh m * ^ no fcsStatioe in prefentme (be inclosed foe tipi 'wmjjjbtt. 
«Mfed» &c. ^ j t j t ike invention of Mir. Watkln Bfdoce, oi pflft- 

ttert of Eotbergal and Co. carpenters at .Ckp^'U(krWa> 
indented to raife*tbe (uft4^ lWeMtfapfita rhswirari its 
.^aiiliaatioii inttii j- tirhibitoltJMBttikitMBW 

• “■ a ,T irT” fTT I 

^ #*<*>;*♦*** that. PffMfl bp, WxetppWwi a*b*J*, 

. ^iwH»/<wa>flpned. twefe drqMMi q wy - Mh&t JfMil** ** &* 

' « abar^bio! •> • •• > .■ v i. ; • . •. •• ■>• ,■' w 

. , The fc»4<»d pwt-qf iFWa %. ft*w*ft»*te«6*hpd 

3 it Mitpftb ahfr wt i t tbe^cgaftiKffioipvfoby fpofr ffi MWfr ft ftfW** 
s 69 tiatatf mfJtld'Aj 9 jflggle&int# the luag-ppA tiff *bM 
and the two fiwew* put mtowgioft.j'^ it 

-•jtb»wM%oC,tb* pjddM^pih.part of ftK&aqpfcwJlwfcich i* 
. . ^ Wy r owipa e h n pdqt by tfe dwaOPS- . , , ^..* -,. 

-■: |j»«t<ta»w*g»Ei*... 3, <fo»* UP , xpproy ^.p»o^y*^wn- 

t. a i tft t n gOh»tt«»fv by tfowde* AAAA ^q w t font 4 t WfM h c 
o.pwmipeUsft-Bx.by ,whicb,^,g»fr»»>fai«aw a rnm>m f wb 

: ;oi >Tbi* waft be a. nJeahte «atperb»e« at the w&qfawtMifj, 

-<jWh#** cqnfiferiog how 

a ttafrwfaflm. eaamt jx»,tp» jaip b p appft r ft. ..,...*■* 

I am, Dear % * '- f oir ** ^ •— * * . 

Tour very obedient brant, 

• ?r 5. ^y^oiiyjLbwER. 


Jtemm&s 
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VI 


E$pqmt#t draining land, by Job n C h r mt* a w C d *.sr*» # 

4^. 44T> JP. W : »rkitglon,-Hail, in - Cmnberbmd, with an 

*• 

Dear Sit, 

Much having been laid, in the public Papers, relative Mr. Elkington's 

to draining, on the improved method of Mr. Elkington, I beg 

l ea v e to offer you fomeobfarvatioos receding it, which have only where the 

fallen under my notice, and which tend to prove it can be ap- are i ittte 

plied, with facoefs only, infoch parti of the kingdom, at have 

few, if any, mtermptiou of 'the ftrata. In order to make my- 

felf intelligible, it may not be improper to explain what it meant 

by farterruptievis of the ftrata, or dykes and fifth ret, at they Dyket and fit- 

are denominated in mining countries. They are produced fures * 

by the fraftare or difuaiorv of the ftrata, and confift aaft cbm- 

anafty of the broken fragment* of each fuperior ftrata; and 

towards the far face are of bind, gravel, and ftones, which 

feftddm or never fail of affording cenfiderabie quantities at' 

water. Thefe dykes may be approached within a few feet, Thefe intemno- 

aad afford no water, as will be feen in two mftances in the ^ s f rcvc “ t 'f* 

planlent you. No. 3 » a mam dram, four feet deep, which the water. 

paffbd wfehift a few yards of A, an extreme wet place, and 

diffwot ufteft it. * The perfon employed, fitppofed the water 

to bebefow him, and brought in a lower level No. ] , whtth 

likcwife failed. No. 2 was then made ftill lower, but with 

no bOKterfoocefic than No. 3, though with more advantage of 

level. As feon as it crofted the dyke, I G, but before the 

level was bro ug ht up, • not being deeper than the main draifi, 

it got ae o aft dhfa bte feeder. * This proved that an mterrup - 

tiOk* wr <he ftrata prevented the water ftowirg into a drain, 

which watof m depth other wife to have drawn it. Another 

example occurs fame field, at letter ft; which -is a 

funk fence, four feet below the fui|ra of the adjoining field, 

which was ex^qmcly ,wet withiira few yards of the funk 

* Prom^thJ fhmty-^cond volume of the T ran fa& ions of the 
Society of Arts; who awarded the gold medal to the author. 

The plan be refers to is at their houfe. 

Voi. XII. — November, 1805. N fence. 
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Experiments of fence. A lower level was fuppofed neceftary to drain tfH* 
drainage. water, and it was qbtained at the dotted . Uoe^ No jwater of 
any ponfequence was got, (ill it was within a few yards of the 
• 'funk fence, when a prodigious feeder *vas cat,!a»d the bear! of 
the drain was not fe deep at the time as the funk fence. Many 
iriftances to the fame effodt might be produced. In fioking 
fbafu in places much troubled with water, itjs endeavoured, 
if c ire urn (fences will permit, to get near a dyke, which ferves 
The drains muft as a barrier to the water; and if, in finking, the dyke; be not 
tbedykes! Cr °^ Scr0 ^» l ^ e water is kept clear off ; but if otherwife, the water 
would be got at any depth, though not in fuch quantities as 
when near the furface. The I pot of ground, to which I have 
alluded, has above a dozen dykes, which may be traced from 
the out-burfts of water. They.fup in a direction of foufe to 
north-weft. 1 have made my drains eaft and weft. In one 
or two places, I was obliged to run a drain fpulh. This pro- 
ceeds from an arm running from the dyke i but this feldom 
extends to any di (lance, and. they gradually decreafe till they 
end ; and they rather make an interruption than a breakage 
of the ftrata, as the ftrata is the fame on each fide of it, t In 
fuch a country, Mr. Elkinglon could draw no more water than 
what Jay in the uninterrupted ftrata between any two of feefe 
Dfefcrtprion of dykes. The method of making the drain is explained by the 
frrenceto the*" engraving, I had twenty years ago drained this ground with 
drawing. ftone drains, from 20 inches to two feet ; but their dire&ion 
having been moftly from north to fpulh, and not fufficfeqtly 
deep, I had got little more than the day water. The feeder 
which I have now got, might be made applicable to many 
purpofes. The drains are from two feet to nearly five feet 
deep, I have made 6000 yards in the la ft twelve months; 
the cutting from I4d. to 18d. per rod, filling 8d. ten and a 
half (ingle cart-loads of ftones, at 9d. each, making the- coft 
10s. per rod. The expence appears great ; but fewer drains 
are required, and the work is effedlually done. By reference 
to the plan, it will be feen that fee dire^ion of the drain^ not 
being able to draw the upper water, I was obliged to exfend 
them. I would advife beginning at fee higheft l^vel ; for 
Frequently that clears the whole, unlefs feme dykes intervene 
Springs of water in a contrary dire&ion. I believe that all fprings and ouU 
dykes* ^ >ur ^ 8 water proceed from dykes. The extent of thefe is 

various. Some may be (raced for many miles, and their efeSts 

kea 
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feen from the water that appears on the furface. Their origin 
is fcarcei/ perceptible, and they thicken to many yards as 
they are approached. The ft rata on both (ides have a mbre 
rajtfd rife or dip, atfdute of a defer and harder texture. If 
thife obferVatfetis appear to you worthy of attention, you toay 
mike what tffe ybu think proper of them. I by no means with 
lodetra€t from' Mr. Efkington’s merit ; but it is not generally 
applicable ; and in counties where the ftrata are much broken, 
Mr.' Elking ton’s plan will be found to fail.' 

I am. Dear Sir, 

Your obedient fervanf, 

J. C. CURWEN. 

Feb. 3, 1804. 

Mr. Charles Taylor. 

P. S . The higheft drain is 120 feet above the tevel of 
No. 3. 

A certificate from Mr. William Hoodlefs, farming agent, 
accompanied this letter, dating that upwards of fix thoufand 
yards of drains had been cut, and completely filled, on the 
farm of John Chriftian Curwen, Efq.j that the firft drams 
made according to that plan were done three years ago ; and 
that they (land completely, and anfwer an admirable purpofe. 

Reference to Fig. 5, Plate XI. qf the Manner in which Mr . 

Curwkn’s Drains are made . 

The lowed part of the drain below E E is twelve inches 
wide. 

E E 4 4 are the two fide-ftones of the drain, nearly four 
inches thick and nine inches high. 

F 9 is the aperture for the water, nine inches high. 

D, the flag or thm done over the aperture, and which covers 
the fide-flooes of the drain. 

C C, the body of the drain, filled with loofe ftones till 
within nine inches of the furface. 

B9, (he top of the drain, twenty-two inches wide and 
nine inches deep, filled with grafs fed and foil. 


N2 


Remarks 


Digitized by v^ooQle 



180 


MAXIMUM' DBM SIT V Or STATES. 


, or... nVHwi " l > M 

,d4 k .tu) w, r • . ' 1 ni .6 f. q< ;• JOB Mb'** <}■”:' 

aemarlet on a Letter of Mr. Da lton, concerning pe Qf at j i& i m 

Denfit^qfW qter ; with an Accqtfnt qf]tW9y < 6 ^ r - 

l^Rovi, tinting, to jfcejp that M fifa 

above the freeing Point. , //t a j^r .Ids 


* ■ /'to Mr. NicftdiioN;; 1 ; ; 


^ No. 45 of your Journal, page 23, Mr. Dallon has pub- 
letter. liibed Tome remarks upon Count RoinfoftPs ifkperiment^ ''re- 

lating to the maximum denfity of water, where he explains 
the rifing of the thermometer -in the cap, by^oKfervlng That 
it acquired heat by the proper conducing power of water. 
This, 1 (herald think, it by no means probable ; for the con- 
ducting power of water is not fufficient to produce fuch a mpid 


e uect* 

The circum fiances of the two thermometers by the fide o f 
the ball and cup, in the Count’s two firft experiments, I 
think are perfectly confident with his principle ; the cups 
very probably, did overflow, which might have been afcer- 
tained by a thermometer placed below. Y l 

In the concbfion of this letter Mr. Dalton exprefles a yfift 
that Count R. or fome one in poflfefddft of a fimrfer appafafus, 
would repeaAHtaGovm’* firft experfciterit, ; with thhtdifRySfi^e, 
that the mafs of water fhould be at 40? and the ball dt 32®, 
in which cafe, he fit yh the thermometer would not be ii all 
ade&ed on the Coaat’s principle ; neither would H Be affe&ed 
(on Mr* D.Ypciseipk) if the tenacity of the water toiidter- 
ads the force of defceot : and wbat conckfioircodld be drawn 
from fuch a variation of *the experiment > 

Experiments of $ The foliowiag experiment was made by Dr. Hope, pro- 
Dr. Hope. feflbr of chemidry in £dinbnrgh, 4o afeeftatn 4he po&t at 
which .water tap the .greeted deadly, — and it appears 'to We 
4o be perfe&ly decider I,cnj> . 

Ha filled a jar wsthica-cold water, arid expoted ft fo the 
air of a room at 52 ? : he fufpended in it two very delicate 
thermometers, one at half an inch from lhe bottom, and the 
other at the fame diflarice from the fur face of the water : the 
thermometer neared the bottom was firft affe&ed, and con- 
5 tinned 
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tinned to rife till it reached the temperature of 40°, when i i 
became flationary.: the thertoometer at the forface rote more 
flowly, but did not flop till it acquired the temperature ofj^e 
room (52*). "" ! 

Dr. Hope, to fender this point flilj clearer, expofed venter 
at 42° to the hir df i room 32* ; the n?fult correfponded per- 
fe&ly with the former experiment. 

If you fee no oipe^Qp to .publication of this letter, by 
inferring it in your Journal, you will oblige*. 

Sir, yourV* 

■ . • ' - T; i. fc; 

Edinburgh, 0^.1Q,1S03. ” , . 

.f* M g^g= ■ ^tt ^SSSW gCSqFSg ags 

5; ' ; y..,". , ; viii,., f 

t Jbjerrations and Conjectures relative to the Juppofcd Welch 
Indians in the weftern Parts of North America . Republijhcd 
from the “ Kentucky Palladium ,” with additional Remarks 
and ConjeQuves , by the Editor of the Philadelphia Medical 
' and Phyfical Journal f. 

sir, • ■ - - ; 

No pire p^fl ypo e relating to the hitbry ef Ihe Weftstt Tndklowl k- 
CoaiJlfy,; prpi»a^y ba» eacned. et different timer. imore ft*. totiofAmcriu 
neral aileron • nod anxious ctriofity than the opinion, IbM fuppofed to have 
a nat^W «.* whiteawv fpeaking the Welch Jaogeege, *e£d» ^®“ ted ft6 “* 
high up qp the MifTouri. By ionie the idea is treated mm. 
thing but the luggcltion <o{ bold unpofture and eafyeredelity r 
whilft, others regard it »s a la& full)’ authenticated by Indian 
left i many and the report af various travellers worthy of credit. 

The ^ppoooted for , Uujy fay, by reeupiag to a paflage “ 
in t^p hiftery of .Great Rritaio, which • relates, that leveret 
yt^n.fftgr Jbe ddbovcfyof AawsriciwbjtChfiflopbcr Colu*be*» 
a certain Welch prince embarked trow his native eowtry 
with a btrge, patty «f ,en¥8W)Ui that aftergame tiitae, a eriTel 

♦ ^ filler ^qcpupttof^be expert** nts of Dr« Hopawiiteb* 

ipferted when the Edinburgh Tfanfa^io^a jfi^ir.'v i .i t. j 
t ^xtrafled from that Work, VoJ. II. Part l, 

or 
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Traditional *c- 0 r two came back with- the account that fcbhy had dtfcovered 

the weft ward; and that they fail again with 

fuppof d to hav^elfirdffi^tlnftafecrtent, 1 and never returned again any more. 
w5la! tCdfr0m country which thefe adventurers difcovered* It has 

been fbppofed, was the continent of North America ; and it 
has been conjectured that they landed on the continent, fonie- 
where in the Gulf of Mexico, and from * thence proceeded 
northward, till they got out of the read) of the heftile natives, 
and feated tbemfelves in the upper country of MiffourL ' 

Many accounts accordingly have been publifhed, within the 
la ft* shifty years, of perfons who, in confequence either by 
accident or the ardour of curioftty, have made themfelvcs ac- 
quainted with a nation of men on the Miffouri, poffe fling the 
complexion of Europeans and the language of Welchmen. * r 
Could the fad be well eftablifhed, it would afford perhaps 
the moft fatisfa&ory folution of the difficulty occafioned by a 
view of the various ancient fortifications with which the Ohio 
country abounds, of any that has ever been offered. Thofe 
fortifications were evidently never made by the Indians. * The 
Indian art of war prefents nothing of the kind. The proba- 
bility too is that the perfons who conftruded them were, at 
that time , acquainted with the ufe of iron : The fit nation of 
thefe fortifications, which are uniformly is the mpft fertile 
land of the country, indicates, that thofe who made the* 
were an agricultural- people; and the remarkable car* 4 and 
fell with which they were executed* aftertit traits of -the 
genius of a people, who relied more on their military felt 
than oa their numbers. The growth of the trees upon them 
is very compatible with the idea that it is not more than* three 
hundred years ago that they were abandoned^ 

Thefe hints however are thrown out rather to excite 4 en- 
quiry, than by way of advancing any decided opinion on the 
&bje&. Having never met with any of the perfons who had 
£md thefe white Americans, nor even received their t eft hnony 
near the fouree, I have always entertained coefidefabie doubts 
about the fad. Laft evening, however, Mr. Joho dsilds, 
of Jeftamine County, a gentleman with whom I have been 
long acquainted, and who is well known to be a man of ve- 
racity* communicated a relation to me, which at all events 
appears fo ment feriaas attention. 

After 
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After he had related it in converfation, I requefted him to Traditional ac- 
. , . . * . count of inhaai- 

repeat it, and committed it to writing. It has certainly Iproe unts of America 

internal marks of authenticity. The country which is defcribed /uppofcd to have 

was altogether unknown in V.rginia when the relation was < 

giv^n, and probably very little known to the Shawnees 

Indians. Yet the accourit of it agrees very remarkably with 

fater difcoveries. On the other hand, the ftory of the large 

animal, thotigh by no means incredible, has fomething of the- 

air of fable, and it does not falisfa&orily appear how the 

long period which the party were abfent was (pent-; though 

Indians are, however, fo much accnftomed to loiter away their 

time, that many weeks, and even months* may probably have 

been (pent in indolent repofe. 

Without detaining you any more with preliminary remarks* 

1 will proceed to the narration* as I received ii from Mr* 

Childs. 

Maurice Griffith, a native of Wales, which country he left 
when he was about fixteen years of age, was taken a prifoner 
fcy a party of Shawnees Indians, about forty years ago, near 
Vofles Fort, on the head of Roanoke* river in Virginia, and 
carried to the Shawnees nation. Having (laid there about 
two years and a half, he found that five young men of the 
tribe had a deli re of attempting to explore the fources of the 
Miflouri. He prevailed upon them to admit him as one of 
the party. They fet out with frx good rifles and with fix 
pounds of powder a-piece, of which they were, of courte* 
very careful. 

On reaching the mouth of Hie Miflouri, they were firude 
with the extraordinary appearance occafioned by the inter- 
mixture of ihe muddy waters of the Miflouri and the clear 
tratifparent element of the Miffifiippi. They flaid two or 
three days aimifing themfelves with the view of this novel 
fight : they then determined on the courfe which they (hould 
purfue, which happened to be fo nearly in the courfe of the 
river, that they frequently came within fight of rt as they pro* 
ceededTon their journey. 

After travelling about thirty days through pretty farming* 
wood land, they came into fine open prairies, on which no*, 
thing gr^to but Fong luxuriant grafs. There was a fuccelfion* 
of thefe varying in fize, fume being eight or ten miles acrofs* 
but one of them fo long that it occupied three days to travel 

through 
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Traditional ae- through it. In parting through 'this -large prairie/ they were 
^America m u c ^ dfftrefledf fot water and ptovifibnic for they few neither 
fuppofed to Jj*Je‘beaft nOtBird; add, though there was an afetfndaite6'*f (alt 
WalcT^ few firings, frefh water was very (tarce. In ebe ofthefopfairies 
tSs the taR fpring* ran into fo»fl ponds, in whkfo, as tiie (farther 

• was hot, the water had : funk and left the edge# of the poods 
to covered with fait, that they fully fupptied them felves with 
l ft at article, and might eafily have colteftod bufeeis of iU 
As L they werfe travelling through the prairies they had like- 
wife the good fortune to kill an animal, which was nfoe or 
teh feet high, and a bulk proportioned to its hetghjth. They 
had fefcn two of the fame fpecies beforehand they faw four of 
them afterwards. They were fwift-footed, and they bad net* 
ther tufks nor horns. After having parted through the long 
prairie, they made it a rule never to enter on^ one which they 
could not fee acrofs, till they had fupplied the mfelves with a 
Efficiency of jerked venifon to lafl feveral days. 

After having travelled a conftderable time through the prai- 
ries, they came to very extenfive lead mines* whdrt they 
melted the ore 9 and furnifhed them (elves wkb what bad they 
wanted. They afterwards came to two copper wines, one 
of which was three miles through $ and in feveral places Aey 
met with rocks of copper ore as large as boufes. 

When about fifteen days journey from the fecoftd copper- 
mine, they came in fight of white mountains, which, though 
it was in the heat of furomer, appeared to them to bo cohered 
with fnow. The fight naturally excited Coftfiderable afto- 
nifhment ; but, on their approaching the mountains, -they 
Hi (covered that, inftead of fnow, they were covered /witfrim. 
menfe bodies of white fand. 

They had in the mean time parted through aboat ten nations 
of Indians, from whom they received very friendly treatment. 
Jt w as the pra&ice of the party to exercife the office of ipokef- 
man in rotation ; and w hen the language of any nation through 
which they parted was unknown to them, it was the -duly of 
the fpokefman, a duty in which the others never interfered, 
to convey their meaning by appropriate figns. 

The labour of travelling through the deep fands of the 
fountains was exceffive ; but at length they relieved them- 
* (elves of this difficulty, by following the couife of a, (hallow 
river, the bottom of ivhicB being level, they made their way 
(o (he top of tbc mountains with tolerable convenience. 

Aft* 
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After paffing.t^e ipppp^ains fhsy entpr^d a fine fertile trad Traditional ac- 
of land*, which tf ayelfoji rough to , feyejal days,, they 

accidentally met with, three ,vybite men in. .the Jlndi^o pre^. fuppofed to have 
GtiflqH. immediately undmftppd tbeij >jang)i*gp, * s 4 C W/! 8 wfia led **** 
puiftWelqh, made pfe of a, le ww 9^ 

wait) which beeves w* acquainted. However# as it happy^d 
to he; the two efo^ of. hie §4awn$e* cpppaipioni.tp^ad $* 
fpekefban pr intopreter # he preferred ,a c p§ofmmd filenep. 
and never .gave them aoy inundation tb at bp wnderflopd the 
laogusge of (heir new companions. > 

After proceeding with them four or five d#ys journey, they 
came 4 o. the village qf tbefe white men, where they foupd 
tha* Jhe whole nation was of the famecolouj, bav^g all lj>e 
European complexion* The three men took them through 
their villages for about the fpe/ce of fifteen najles, when they 
Came to the counci I -hpufs, at which an sfiembly of the king 
and chief men of the nation was immediately held. The 
rrquncil iaAed three days, and as the firangers were not fup- 
pofed to be ^acquainted with their language* they vycre fjif- 
fbred to fee prefent at their defiberat ions. 

■ The great quefiion before the couucil was,, what condud 
Aioold bp obferved towards the firangers. Frqm their fire- 
arms, their knives, and their tomahawks, it was concluded that 
they were a warlike people, it was conceived, that they were 
feat; to look out for a, country fpr their nation; that if they were 
fufiered to return, they might expert a body of powerful in- 
vaders; hat that if tbefe fix men were put to death, nothing 
would be. known of their country, and, they would fiill enjoy 
-their pofiSeilions in fecurity. It was finally determined that they 
thonld be put to death. 

Griffith then though* it was time for him to fpeak. He ad. 
sbetied t lie council in the Welfo language. He informed them# 
thfit they bad not be$n fen$ by any nation; that they were 
a&aated merely by private curiofity, they had no hofiile in- 
tentions ; that it was their with to trace the Mifiouri to its 
fonree; sad that they (bould return to their country fatisfied 
with the difcoyeties.they had made, without any with to dif- 
torb the repofe of their new acquaintances, , , 

AoifiAftnhajftonjlb^en^glpvved in tbp countenances* not only 
1 if the council* but; of his §hawnpe$ companions, who clearly 
fold that be ww/uoderftoQd by fhpppople Qf thy country/ Full 

ebn&fence 
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Traditional ic- confidence was at one# given to^Mr^echtrhtfons; the king 
COU<lt f America a ^ van ^ i jgave Wwiiis hand. They aWtoiSnecf Afe de- 
fuppof^d wharc %n of putting him and Ms compaaibnrto deith, Mh&ftom 
originated from that moment treated him with* the utmoft friehdftrifi. OrHBth 
Wak&# and the Shawnees continued eight months nt the nation y hat 

were deterred from profecutingthuir r^karchesup the Mffc 
(burl by the advice of the people of -the country*' who’ ihu 
formed them* that they httd gone a twehrle month's jodrriCy 
np the river, but found it as large there asitwds in tl^lreWrf 
country. ' '* ' * * 1 * 

As to the hiflory of tbfe people, he couM learn nothing fii- 
tisfaftory. Tlie only account they could give was, that' 
forefathers had come up the river from a very diftant country* 
They had no books, no records, no writings. They inter*-' 
mixed with tio dthet people by marriage, there was not adfcrk- 
fkrnned man in the nation. Their numbers were very cotifii 
derable. There was a continued range of fettlements on the 
river, for fifty miles, and there were within this fpace three large* 
watef-courfes which fell into the Miflfouri, on the batiks of each 
of which they were like wife fettled. He fupptifed'that thefe- 
miift be fifty Ihoufand men in the nation capable of^bearing 
arms. Their cloathing was (kins well drelfed. Their trotife* ' 
were made of upright polls and (he barks of trees. Th e$toty 
implement they had to cut them with, were (lone tomahawks; 
they had no iron. Their arms were bows and arrows. They 
had fome (ilver which had been hammered with (tones into 
coarfe ornaments, but it did not appear to be pure. They 
had neither hotfes, cattle, (heep. hogs, nor any domeftic nor 
tame animals. They lived by hunting. He faid nothing about 
llieir religion. 

Griffith and his companions had fome large iron tbniahawks 
With them. With Chefe they cut down a tree and pre^&rid 
a cAnoe to return home in ; But their tomahawks werefogieat 
a curiofity, and the people of the courtry were (b eager 1o 
handle them, that their canoe was completed with very little 
labour. When (his work was accomplifked, they prapofod 
to leave their new friends : Griffith, however, having pto* 
mifed to vifit them again. • • 

T hey defeended the river with cohfiderabie fpeed, but amidff 
frequent dangers, from the rapidity of the current particularly 
when palling through the white mountains. When they reached 

the 
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the ShawneesiMrteh^ithey had been abfent about two years Traditional ac- 
endabfetfV -Griffith foppofed that when they tnavj^ltedthey t^tsor^Amcrici 
weitftftfbe^ate'of about fifteen miles per day* : v ' fuppofed to have 

Heftaid hul a few months with the Indians after higreluro ; froa * 
favourable opportunity eHereditfelf to biui to rfeacht bis; 

Mends i* Virginia* He came with a hunting party of Indians 
to^be bead waters nfOoaUriveri which runs into^New* river 
not far ^bove the* falls. There he left the Shawnees and eafiiy 
reached the fetlleraenU on Roanoke. 

Mr. Childs knew him before he was token prifoner, and 
Isty* him 'a few days after his return, when he narrated to hfhn 
the preceding circumdances. Griffith wag univerfalJy re- 
garded a s a deudy honed man, and a man of drill veracity. 

Mr. Childs has always placed the ulmoft confidence in hi# 
account of hiratelf and bis travels, and has no more doubt 
of the truth of his relation, than if he had feen the whole' 
himfelf. Whether Griffith be dill alive or not he does not 
know* 

Whether his ideas be correft or not, we lhall probably have 
a better opportunity of judging on the return of Captains 
Lewis -and Clark; who, though they may not penetrate as 
far as Griffith alledged that be had done, will probably learn 
enough of the country to enable us to determine whether the 
amount given by Griffith be fi&ion or truth. 

* ' f 1 am. Sir, 

Your humble fervant, 

HARRY TOULMIN. 

Frankford , Dec . 12, 1S0L 

. Additional Obf creations and Corjc Bures Ify the Editor • 

THE Aory of a Welch colonization of America has excited * 
much curiotky, both in Europe and the United Slates: By 
many it is believed, while by others' ft is thought an worthy of 
any 'attention. By reafon of the prefent rapid progrefs of fet- ’ 
tteraen* *in America, the time cannot be remote w hen the 
trurtlror faldty of this dory will be completely edaWiffied*- 
In the meanwhile I do not hefitate to conjecture, that no traces 
of tfte dtfeendants qf ike Welch prince will eter be dijeovered in 
the we/tern pqrts of North America. 

It 

\ 
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Traditional ao It may not be improper lo mfke which fo 

coont of inhibi- man y perfops J n Europe at dealt neftjtbeir nop§i fQf Droving, 

tamt* of America ,v. tl ! r n b i r ia r ‘ COT' l T 

fuppofcd to h*^ in the moft fatisfa&ory manger, that the COO- 

originated fftW t^lbuted to the peopling of America, **or)Bh* n 

W * ta * 'David Powel, a ( Wel<;h . hi^^. i|;fo«^,.ii^ 

deceafe of Owen Guyneth, Wing of VtQrtyftip.ffc )* ,£} d/ftpe*# 

arofe arpong his fops concerning the f^ccsffyfcp Jty f tjbp 

and that Ms^doc or Madog, one. of the fonf, *' 

contention, betook himfejf to fe?, iq queftpfa r ipfl**.qiM«t 

fettlement V* We are informed, that *• be ftpered.doe,w*ift, 

leaving Ireland to the north, and arrived in an, 

country , which appeared to him lb durable, th^ hp, j^t yp e d 

16 Wale?, and carried hither feveral.of his adherents and C om* 

panions. After this neither Madog nor, his gomjl^/ptW were 

ever heard of more. The voyage of Mad<^ is foid^p Jljgyc. 

been performed about the year .1 170. 

I have not feen Powpl’s work, but I l^arn, iJyjfdhi* jjytyp* 

rian, who lived in the reign of Queen Elizabeth, ^pc^cppljh 

quently at a great diftance pf time from \bp r eve^t vy^pb be 

records, adduces no better authority in tuppoft^fh^ 

than a quotation from a Welch poet, “ which proves, pp 

than that he (Madog) had diftingutfltedjhirafqlf by fe*#od 

land f.” Some few Welch words, fuch as gurand 9 jJo>hfp|ta*. 

of liften, &c. are very feebly or unforlunatplyaddf^^obf* 

Powel, as circumftances favourable to { the truth r of 

emigration. a r , 

When we coiifider 4i that the Welch were never a nqv^l 

people; that the age in which Madog lived was peculiafly^igw; 

norant in navigation ;** that the compafs was then unknown; 

the (lory of the voyages of the Wdch prince muft I think^ be 

confidered as extremely improbable. I am^ of opinion with 

Mr. Pennant, that • * the moft which they could hqyq ^e^bptqd 

muft have been a merecoafting voyage.*' ^ • 

But it may be faid, we muft appeal to fads ^ ppd. jhqt iff , 

dependency of the verfes of the Welch poet, and Oie^^ajgp* 

ments of the Welch hiftorian, it fcems highly ptjobaj^le 

colony of white people who fpeak the Welch laj^uqge^jjopa 

^dually exift iti the weftern parts pf North America^ u { v 


D»r Rabtrtfon. 


1 \ <\-f t »r * • 


'f Pennant’* Attic {Eopfegy, ImroikiftfotJ,' 
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f cannot i I toutt'confefs, adopt this opinion. I readily allow, Traditional *c- 
•that the relations publifbed by Mr. Toulmin apd manjr Other 
period; Both in Europe and in America, are extremely curious, foppofed to km 
Bot thefe relations are very inconfident with one another, ^ oai 

piirttoiWjfy m wbilt relates to the a£tual date of improvement 

* By fome we are told they s^re 
vWV'fir iidva'iiced in improvement ; by others thsUjbeir iqa- 
pMvfctoferit Is not at all greater than that of the Red-men or 
fiMfanVof America. At one time, they are laid to be in pof- 
feffidn of raanuferipts (and even printed books) at another time 
nothing bf this kind is found among them, tt rauft b£ con- 
feflfbd that Maurice Griffith’s relation is, in feveral relpeAs, 
nfore plaofible than that of any preceding traveller; but it is 
Titrt unincumbered with inconfiftencies, which I do not deem 
if iifcceflary to notice in this place. His adertion “ that the white 
men of the MitTouri fpeak pure Welch/’ even though this ader~ 
fitin Be qualified by the obfervation that "they occafionally make 
nib of a few words with which he was not acquainted,” is to 
roe one bf the taoft improbable things that have ever been 
rehttbd of thefe people. His filence about their religion is 
altogether inexcu fable. One would fuppofe that a perfon of 
(jriffifo’s inquifitive turn of tnind, would hardly have omitted 
iS iriafee fotrfe Inquiries refpedting the religious inflitutionsof a 
pkbple, ^frhom he con fide red as his countrymen. If thefe 
pebpll be the descendants of Madog, fome traces of the Chrif- 
tian religion may be expeQed to be difcerned among theta ; 
for I think'' it requires many centuries to entirely efface from 
the membry of a people alt vefligesof their religion, efpecially 
from a people fo tenacious of their language, and fo little dil- 
po fed to intermix with their neighbours, as the Welch Indians 
are repfefentfcd to be. 

v But Griffith’s relation is, I think, worthy of fome attention. 

I even think it not altogether improbable that future researches 
wllrefiablilh the fa£t, that there does exift in the weftern parts 
of North America a race or nation of men, whole complexion 
is hutch' fairer thao that of the furroynding tribes of Indians, 
arftf Who fpeak a language abounding id Welch or Celtic 
words. But tire complete efiablifilment of thefe two points 
would not prove the eftablithment of the truth of the afTertion, 
that Prince Madog bad ever made « voyage lo Americfc, or 

that 
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Traditional ao» ibat a colony 6f Cefts had* At an^ period prior to’ the diftottry 
wnu'crf’ ^Amcr** 1 ” Arhcrico, by Cohimbtl* , patted info thlfr ; WttfiYphyre? 'from 
fiippofcd to have Btkfairt. ‘ * )J ^ 

^ ma ^ ^ bought, from the fi*fe meTrt |>oMi&ed'by Dr. 
Williams and fome other writers on the fubjdft, fhaitUftd belief 
of the evidence of a race tif Welch Indians in Airfertch v ft? £fe- 
neralfy admitted by the Welch Indian*? and others. But Mrs 
h far from being the cafe. 'The late Mr. M*GiIfrfay, a than 
Of nb inConftderable powers of mind, and whofe CurlotityWas 
by no means confined to his own relatives, the MufCohge, Or 
Creek Indians, informed me, iri the year 1790, that he knew 
nothing of the exigence of any white people m the traft of 
country’ beyond the Midittippt. 

The following is an extract of a letter (dated Dawning, June 
14, 1792) from my learned and excellent friend the Fate 1 Mr. 
Thomas Pennant of Wales. 

** My countrymen are wild among the Padoucas, or Welch 
Indians, descendants of Madog, now feated about the upper 
parts of the Miffouri. I am rather in difgrace, not having the 
warmed hopes of their difeovery. Pray what is your opinion 
and that of your philofophers V* 

* In anfwer of the above I wrote a letter, of which the fol- 
lowing is a part: 

“ I have heard a great deal about the Welch Indians. I very 
early imbibed your opinion, as delivered in yourJArctic Zoo* 
logy and mentioned you on the fubjeft in a little work f 
which I publiflied in England at the age of * # Id6 not 
know whether you have feen that work. I do nor mean to 
/ hint that it is worthy of your attention. I certainly think there 
is fome foundation for the dory ; but I have no doubt but the 
whole affair will (urn out very different from a difeovery of 
Madog’s defendants in America. 

“ I have faid, that I think there is fome groundTor the dory. 
I (hall explain myfelf. You know that many of the firft vifhblrs 
©f the new world were druck with the refemblance which 

* See the introdu&ion to the work, pages 263, 264. 

+ Obfervations on fome parts of natural hfftory $ to whKh vs 
prefixed an account of feveral remirkabte veftiges, of an ancient 
date, which have been dilcovercd in different parts of North America. 
Parti. London, 1797. ; ‘ 

fubfids 
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fubfift? between Tome of the American nations and the Jew*. Traditional ac« 
Some wp^s yvep5 %nrf m tins cpiUin^t* ^ ib$y tin ts of America 

have been every where elfe. The Americans were ivow.^d fuppofedto have 
be ( t^ d^Vepd^nts. gf ihe Jews,, and i^d^ir laboured, very ^‘ c n ^ tcd froto 
hard Jo proye (he, matter jn a ponderous quartp which Ijcav 
people neadr becaufe it is big wjjh fyftem and extravagance, 
though, indeed, \t contains fome curious and accqrate matter. 

In like manner,, in the languages of foiqe of the American 
tribes there are foupd, fooje wojds which are a good deal a^ 
logous to words in the languages of the ancient Celts. Wafer, 
who was a very refpedable obferver, if we coniider his cx> 
cupation in life, mentions the coincidence he found between 
the language of the Indians of Darien and that of the Highland 
Scots; and I coyld produce inftances of their coincidence. 

Some Greek words are alfo found in certain of the American 
languages, I would not drain a point fo much as fome writers 
have, who mention the coincidence which fubfifts between 
the Greek Theos and the Mexican Tcotl. The word Poto a- 
mack , which is the name of one of our great rivers, is a good 
deal like the Greek. Poto mot Thefe words (perhaps they 

are accidental refemblances) have given rife to fome of the 
numerous theories which we have had concerning the peopling 
of this great continent : and I doubt not that fome * * # * or 
perTon who uhderflood the Welch language, rinding Celtic 
words (a language fpoken by the Welch) among the Ame- 
ricans, in the fulnefs of his zeal would bring his countrymen 
among the Padoucas, Apaches, &c. 

“ Such, I believe, has been the origin of this wonderful 
ftory. I prefume, that, w*crc an ignorant Highlander to virit 
the Darien Indians, or fome other American tribes, be would 
fancy himfelf among his countrymen, whom painting, ex- 
pofure to the fun, &c. he might fuppofe had exalted or de- 
graded to their prefent tinge. I lately converfed with an oJd 
Highlander* who faid, that the Indians fpeak the Highland 
language. Some Highland words were mentioned by him £ 

* The Abbi Molina (in his Corapendio de U Hiftorin Civil del 
Rey no de Chile, See. Parte Scgunda, p. 334, 335.) has pointed 
out fome very finking infianccs of refeniblance between the Greek 
and Chilefe languages. He has alfo pointed out fome rdenab lance 
between the Latin and the Chilefe. — February 19, 1SQ5. 

#fti one 
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A d v a nta g e s of 
the new ihetp- 
Ibid. 


DrobiUty. 


lift. PLOWMAN^ SHEKP-rOLD. 

##<# one word #i#l I recoiled, the word Ume, which hi 
the Highland language, he Aid, iignifie* the : now o6r Dela- 
ware Indians caH fife teriday ; the rdembkmce Jufbood U 
Certainty not (mail. The Celts have, undoubted!/, been very 
Widely fpread orer the globe : Ibefiere they exifted in this 
country, and (hat their defeOndants are tome of the prsfent 
tribe* *. That Celtic words lbould be found among ibe 
Americans, when Celtic Woods are to be found almoC every 
where elfe, is not I think to be wondered a L* 


IX. 

Account qf an improved Sheep-Fold, contrived mi eorftrm£kd hy 
Thomas Plowman, EJq. of Broom im Norfolk, mod am- 
municated by him to the Society for the Emamragmmt qf 
% Art* f- 

THE model of Mr. Plowman's Sbeepfold was farwardod to 
the Secretary of the Society of Arts fail year with a letter 
deferibing Us properties and conftru&ion. It is made on *n 
improved and very firople principle, combining many ad- 
vantages over the old and expenfive method of folding by 
hurdles ; and as the whole fold can be removed with eafe at 
all times, it is found peculiarly ufeful in feeding off turnips UP 
the land in frofly weather, when hurdles cannot benfed; and, 
as the Giving of labour in agriculture is a leading obje$, be 
has no doubt of feeing it, in a very few years, geneafly 
adopted. r • 

The expence, in the firft inftance, will exceed that of 
hurdles, for the fame given quantity of (beep ; but h aw in g 
had one in ufe nearly three years, he is (atisfied the Giving 
will be very confiderable : for, before be adopted this method 
of folding, he loft from thirty to forty nights folding in the 
year, owing to the land being hard in dry feafous, fuob as She 

* Very confiderable fragments of the Celtic diale&s are till pre- 
ferred in America ; particularly, if I do not mi take, among the 
Ranticcfces and the Katalba or Katawbas. February 19, 1805. 

+ The 6ociety awarded the gold medal for this ufeful improve- 
ment, and infested his account. 

two 
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1 A ' K' *<'* .'*■ ' - •> \ * - 1 

W Saving of 

fetwitnout great labour and deAlu$ie**of hurdks * 404 
P* •pjnioo, rthat the fleck of fbeep 
^TtIj # SP^X incB^afed wijen this method of folding become* 

4j*W ^ apd iha* it wtfleoabJe many foiall farmery to 
keep 7?om 50 to 100 /beep, >who .now are deterred from it, ^ reater profit In 
-?$? unt l ^ e ty**! quantity of feed they have, not at> ^cpLVfi^ep, 
fwenng to keep a man for that purpofe only ; but by this plan, 
they may keep a boy at 3s. or 3s. 6d. per week, who can at* 

1^)0 01 200 (beep, and move the fold himfelf without 
any affiflance. In heavy gales of wind it frequently happens rt is «fily 
that hurdles are blown down, qtid the (beep, of courfe, being jT a bU to be blown 
at liberty to range over the crops, do incalculable mifehief ^ down ; 
wfclch cannot happen w'ith this fold. 

In fame counties in Englahd, where hogs are folded, great rtlifti hogs, 
df&cakiei ane experienced for want of flowage, for them to 
feed off winter tares, &c. &c. as they root up every flake or 
hurdle; but from having tried the experiment, the inventor it 
ckTtfcto IWd i^ilf keep them in, and defies their attempts 
if. r 

this drawing, which correfponds with the model, and 
frM thedhfcgiptioh, it is feen thht an aftonifhing quantity of 
titfie b feved * for one man can remove a fold to contain 300 
fhOep witb feafein five minutes, which, by the old method^ 
froqttttrrtfy taker fome hours to accomplilh. 

Certificates of gentlemen, who ufe thefe new folds, were 
feiri to the Society, among whom is that Of his Grace the 
Duh* Of Bedford. 

When the fold is wanted to be ufed on very hilly ground, Method of plae- 
it is heft to begin at the top, and work it down to the bottom, Ing ic on k* 11 * 
ftrvtoeeafe of removing it, and then draw it up again with a 8,00,1 * 
horfe. This, however, the inventor hat never had occafiori 
to do f for the fofltHn his county is ploughed in a contrary 
dfaft€tkfti,'1md the fold is worked' ih the fame' Courfe as the * 
ridges. Ify tbitfmeafti, the tnconv^nienee is avoidedof cro(s- 
ing the furrows, and they are alfo a guide to keep the fold in 
a (IHfight direction. “ 

With refpefl to the (beep getting under, be does not 
colled that circumflance to have ever happened, nor d^es he 
conceive that any land, which is cultivated can be fo .uneven 
as to admit of it, 

Vol. XII,— November, 1805. O Defcriplion 
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Dcfcriptlwi With 
reference to the 
drawing. 


Anecdote* of * 
oow# 


SMKRICA* CROW* 

. ■ . - i . ♦ 

Dejbription of the Shetpfoid, 

. .Plate XI. Fig* 1. Shows one divifiou or part of this fence 
Iwentynooe feet long* and three feet eleven inches high* corn - 
ppfed of the following parts ; w 

A. A top rail three inches deep and two topbes thicke r #. 
The upper bar* three inches deep, and three-qugrt^ in^h 
thick. CC, The two lower bars, four inches by tiure*- 
qparters of an inch, which, with the upper bar, are xp^tiosd 
through the uprights. DDDD, Which uprights nr*< 90 k# 
three inches by two inches. E, The lower bar, threq inches 
by three. F. An upright bar, with the horiaoefcl bars halved 
into it. GG| Two oak uprights, three by two inches* 

Fig. 2. Shows the oak uprights GQ. H, The axleime, 
three inches by three, and three feet between the w.hee^. I, 
An oak knee, which conneds the uprights, G Q with the 
axlelree, by means of two ferews and nuts. 

Fig. 3. A plan, in which the «*le H is (howp with tfS 
arms KK. at right angles to H, which gre made to a£ as 
pivots to the wheels, when intended to be moved in a dirpp. 
tion at right angles to the bap. 

Fig. 4. Is a view of the fame parts described in fig* 5* 
The wheels marked W, in a)l the figures, are of caA iron, 
andcofi 3s. fid. each. 


X. 

JmcdoUt qfan American Cram. By Wiuism KUnsi 1 . 

It is a difficult talk to give a hiftory of our crow, And I 
hefitate not to aver, that it would require the pea *f m^rmj 
able biographer to do jqftice to his talents. . - . . £ > t , t 

Before I enter on this fulyelt minutely, itmgyhe neo^farj 
to remark, tbgt we do.not here fp egk of the erp w cpWe^isdy, 
at giving. an account of the whole race^ fined gm c o o pseged 
that thefp birds differ as widely as men do from sfbg in 
^gint of talents and acquirements, but of a particular kind of 
that tpecte* which I reared from the neff. 

♦ From the Philadelphia Medical Journal* Vol, I. jj^rt I. 
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•* He was# for a loog time, comparatively* a hdpMs depend* AgcAxw «f a 
•nt creature# having a very fmall degree of activity or vivacity * cwfr# 
ettery fenfe feening to be afleep, or in embryb, Utit3 he had 
marly attained hit finilhed diraenfions and figure, and the ufe 
of all hit members. Then we were forprifed and daily 
Omofed with the progreffive developement of hit fenfes, ex- 
panding and naturating at the wingt of the youthful phaheoa# 

When diTeogaged from its nymph a (bell. 

Tbefe fenfes however, feeraed, at in nan, to be only the 
organa or Mtrumenta of bit mteUedoal powers, and of their 
effe&t, at directed towards the accomplifhment of various 
defigns and the gratification of the patfioos. 

This wot a bird of a happy temper and good difpofitioa* 

Hb was tradable and benevolent, docile and humble, whiUt 
bis genius deroonftrated extraordinary actrteoeft and lively 
' ftniatietis. All tbefe good qualities were greatly in his favour* 
fbf they procured him friends and patrons, even among mas 
whofe (bdety and regard contributed to iltuftrata the powers 
t>fhts under (landing. But what appeared mod extraordinary# 
he feemed to have the wit to feleft and treafuTe up in bis 
mind, and the fagacity to pradice, that kind of knowledge 
which procured him the mod advantage and profit. 

He had great talents, and a ftrong propenfily to imitation* 

When I was engaged in weeding in the garden# he Would 
Often fly to me# and after very attentively obferving me ia 
pulling up the fraall weeds and graft, he would fall to work# 
and with his ftrong beak plnok up the graft ; and the more fo, 
when I complimented him with encouraging expreffions. Ho 
‘enjoyed great plea hire and oaufoment in (being roe write, 
and would attempt to take the pen out of my hand, and my 
^e&acleafroBt my note. The latter article he was fo pleafed 
With# that I found it neceflary to put them out of bis reach 
when 1 bad done ufing them. But one time, in particular, 
having' loft them a m om ent, the crow being then out of my 
ftgfct, reoofledfing the bird’* roifchievout tricks# 1 returned 
qo fch fy and found bits upon the table, rifting my inkfiond, 
bobkt, and paper. When he faw me coining, he took up my 
fp cfihde s oed flew off with them. I found it vain to pretend 
lb overtake him ; but Handing to obferve his operations with 
my fpe&aclet# I faw him fettle down at the root of an apple* 
tree# where, after omofing himfelf for awhile, I obferved 

02 that 
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A«ccH*tcs of i * that he wavtadihg them in the graft * ebd fcOvfcrbig tbtapWkft 
crow - flwjk^Tatid thijw^ often 1 ookiog * r mind abbot to fen Whether* 

w« Watching him.' When he thought he Wid ftriKbtertfy 
fecrrted them, he tuiwtd abort, advancing tnwafdv iAO at fay 
eatt. When he bad coihe near tne, I ran tetoard* Ibe than 
to fegara my property. But he judging of thy intention* bf 
my a&iefts, flew, and arriving there before tae, picked tbertf 
up again, and flew oif with theta into another apple' tree. $ 
now almoft defpaired of ever getting them again. However 
I returned back to a houfe a little diftance off, and there 
ferreting myfelf, I bad a hill view of him, and waited to fee 
the event. After fonie time had elapfed, during which I heard* 
a great noife and talk from him, of which I underftood not a 
word, he left the tree with my fpe&acles dangling in hit 
mouth, and alighted with them on the ground. After feme 
time, and a great deal of caution and contrivance in choofing 
and rejecting different places, he hid them again, at he 
thought, very effectually in the graft, carrying and placing 
over them chips, dry leaves, &c. and often pufhing them 
down with hit bill. After he had ftnifhed Ihis work, he lew 
up into a tree hard by, and there continued a long time talking 
to bimfeif and making much noife; bragging, as I* fuppofe, 
of hit achievements. At laft he returned to the houfe, whore 
not boding me, he betook hirofelf to other araufemeaUh 
Having noted the place where be<had kid my fpe&adea^ i 
battened thither, and after feme time recovered them. 

Tbit bird had an excellent memory. He feon learned the 
name which We had given him, which was Tout j and would 
commonly come when he was called, untefs engaged id feme 
favourite aroufement, or feon after corre&ion ; for when he had 
run to great lengths in mifchief, I was under the neceffty^of 
whipping him, which I did with a little fwitchJ He would 
in general bear correction with wonderful patiende dwi 
humility, fappbcatrng with piteous and penitent cries and 
a&iooB. 'But fern etimes when chaftifement became intolerable, 
he would fuddenly ftart off, and take refage t* the* neat -{fee. 
Here he would -coftfale him felt with chattering and adju fling 
h»; feathers, ifiie w« not lucky enough to carry off With 
him feme < of my property , feck as a pea knife, or a piette Of 
e£ papery in -this cafe be would bo® ft and' brag very loudly. 
yVt other times he would feon return, and vtiAb every token of 
* penitence 
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pensi oner tftd- fabmvt&pn approach me for forgiveuefa and Anecdotes of » 
upeonciliation; Ob. tliefa ©ccafioushewouki fomaiiiTte^foMrriJ^™^ 
apd fettk on the ground near my feet, and diffidently , advance 
wW» foftfoplbfog ejtpreflkHH*, and a fort of circuit! location* 
and fijtfllently by aw for a confide rable tinae. Another limes 
be would confidently pome and fettle upon my dwulder, and 
there foJicit my favour and pardon with foothing eupretiion* 
and carefliog gefticulations ; not omitting to tickle me about 
the neck, ears, &c. " 

Tom appeared to be influenced by a lively fenfe of domina- 
tion (an attribute prevalent in the animal creation) but never* 
thelels his ambition in this refpe&, feemed to be moderated 
by a degree of reafon or reflection. He was certainly by no 
means tyrannical or cruel. It moil be con fe (Ted, however, 
that he aimed to be mafler of every animal around him, in 
order tofecure his independence and his felf prefervation, and 
for the acquifition and defence of his natural rights. Yet in 
general he was peaceable and focial with all the animals about 
him. 

He was the mod troublefome and teazing to a large dog 
whom he could never conquer. This old dog from natural 
fidelity and a particular attachment commonly lay down near 
me when I was at reft, reading or writing under the fhade of 
-a pear-tree in the garden near the houfe. Tom (1 believe 
from a paffion of jealoufy) would approach me with his ufaal 
carefles and flattery, and after fecuring ray notice and (egard, 
he would addrefs the dog in fome degree of complaifance, and 
by words and adions; and if he could obtain accefs to him, 
would tickle him with his bill, jump upon him, and compote 
fiiralelf for a little while. It was evident, however, that this 
fecrafog fojciabilky was mere artifice to gain an opportunity to 
^ra&ice fome mifehievous trick, for no foouer did he perceive 
Ibe old dpg to be dozing, than he would be fore to pinch his 
Jtps, and pluck bis beard. At length, however, thefe bold 
and. hazardous achievments had nearly coft him his life, for 
one time the dog befog highly provoked, he made fo hidden 
and fierce a fpap, that the. crow narrowly efcaped with bi$ 
bead* After this T<jra was wary, and ufed every caution and 
deliberation, in his approaches, examining the dog's eyes and 
movements, to be fore that he was really afleep, and at 
would not venture nearer than bis tail, and then by flow, 

3 filent. 
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• filen t And wary fteps, in a tideways or obfkjue'ftiteer, 

1 Spreading bio legs and reaching forward. Th this petition b6 
would pluck the long hairs of the dog** (ail. But f*e'#odld 
always take care to place his feet in fuch a manner to‘ Be ri&djr 
to flart off when the dog was roofed and fnapped at him, , ' r> 
It would be needlefs (obferves my ingenious friend rn to 
conclufion of this entertaining account of the crow) to re* 
count indances of this bird’s under (landing, cunning, and' 
operations, which certainly exhibit incontedible demonftrations 
of a regular combination of ideas, premeditation, re Section, and 
contrivance, which influenced his operations. 

( 

~ — : ■ :■■■■:■ a , . : ■■■■■;, t ■? ■ rz: rs r,^ 1 . —mi l,‘H 

xi. 

An Account qf the Seiche s of the Lake qf Geneva* < v 
By M. Vaucbba 

Strife i£a The inhabitants of the banks of the lake of Geneva, de- 
AU of the lake Agnate by the name of feiches certain fudden and irregular 
called changes w hicb take place in the level of the waters of the 
lake, and have no relation with the regular and annual ‘•in- 
creafe produced by the melting of the fnows. This phe- 
nomenon was deferibed at the beginning of the lad century. 
Fatio de Duilers in the 2nd vol. of Spon’s Hiflory of Geneva; 
and afterwards by Jalabert in the Academy of Sciences; 
Serre in the Journal de Savans, Bertrand, and by De Sauffure 
in the id vol. of his Travels in the Alps. But though feveia) 
of thefe philofophers have attempted to explain the fad, as 
We (hall hereafter remark, yet no one has conQdered it with 
precidon, and as a general phenomenon. The editors of 
the Bulletin des Sciences, from whofe excellent (heel I take 
the prefent account, have followed Mr. Vaucher, and after- 
wards prefent the different explanations. The numerous 
pbfervations of that philofopher have led him to the following 
general refults. 

ParttettferAtfril l • The feiches are not peculiar to the lake of Geneva, they 
drove obfcxved are a ^° °^ > ^ erve ‘l * n k*kes of Conftance, Zurich, Annecy, 
ia ether lakes. N^uf-chalel, and in the lake Major, and there are ilrpng 
reafons to think that they exitf iri mod lakes, thoqgb they 
may not have been fufliciently obferved. 

# From the Bulletin des Science, No. 

It 
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aPMWftu however, to be true, that, the phenomenon. fa ^ 
is. papre remarkable in the lake of Geneva tnan any Where 
elCe that it has beep obferved. In fatt, the level of thp waters'^ 
of Leman lake have been feveral times obferved to rife at a 
given place in the courfe of 15 or 20 minutes, three, four, 

*od even five feet, and to fubfide fome time afterwards, 
whereas the ftrongeft feiches obferved in other lakes, have 
been four or five inches in the lake of Confiance, eighteen 
lines in that of Zurich, four or five lines in that of Annecy, 
fluid only a few lines in the lake of Neuf-Chatel and lake 
Major. 

3. In all thefe lakes, particularly in that of Geneva, the Mon ioifiei 
fetches are moil lenfibie in that part of the lake which k 
nearefi the outlet of its waters* Accordingly they are no 
more than one or two inches, at the difiance of two leagues N 
.from Geneva, and at the extremity near w^ere the lake re- 
ceives its waters the feiches of the lake of Geneva are not 
frronger than thofe of the other lakes here mentioned. 

4.. in thefe different lakes they are moil fenfible in places where the 
where the lake is remarkably narrow. ferafunder* 

5 . The feiches may take place indifferently at all feafons* of they happen at 

the year* and at any hour of the day 5 but in all the lakes ** 

it has been obferved, that they are more frequent in the day 

than in the night, and in the fpring and autumn, than in the 
winter or furamer. 

6. It has been obferved in particular in the neighbourhood but mot ftrik- 

of Geneva, that the ftrongeft feiches take place at the end of *** 

the fummer, that is to fay, at the time of the greatefi elevation highs*} 

of its waters. 

7. The feiches are extremely frequent, but they are afuatty 
% few lines, or at moil only a few inches, in which cafes they 
cannot be perceived without exaft apparatus to obferve the 
level of the lake. It is from a want of this obfervation that 
they have been fuppofed to be very rare, as thofe feiches only 
Ctould be obferved without apparatus which varied feveral 

feel. ^ 

8 . The feiches take place Without any agitation of motion eitftMdthia 

of undulation or current in ttys furface of the fluid. ^ ...v * 

V Xheir duration is very variable, feldoih exceeding twenty 
of tweffly^five minutes, and oftfcn much Ms. 1 8i 

• it. m 
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Jeyi feemtobc io. This phenomenon takes place |f» all tetnpmlam, haft 

the *f C ^ £ eDef d it refu Its from very extenfrve table©, thstVbe fekrbcc 
mofphrrr, and mre more frequent, and more extreme, the more variable Ebe 
funteTx^su 10 l **e Remarkable variation* q# tie 

barhmeter have been obferved to correfpond with eonfidfeiable 
'fcicbefy and it is an opinion generally received among ‘tie 
fribermen, that the feiches are a fign of change Of weather, 
fti particular, they have been obferved to be very ftrcmg wbeh 
the tun comes to (hine very ftroitgly on a (pot, a ftiOrt t»«*e 
before obfeured by a thick clouds 

Explanations by After this expo fit ion of the phenomenon, feme notion may 
vm*s aothots. ^ f ormec j refpeding the value of the different explanations. 

M. Fatio attributes the fetches to'violent guffs 6f wind wbktl 
drive the waters into the narro weft part of the lake. 
Jalahert attributes them to fome fudden encreafeof the j%rv#j 
which tailing into the Rhone at a (hort diflance from thelfeka, 
and entering the river at a confiderable angle, may in hid, 
fometimes flop its courfe for a (hort period, and in that manner 
raife the waters of the part of thelake neareft Geneva ; Jaftly, 
Mr. Bertrand thinks this phenomenon (o be occafiobed by 
dedr tea I clouds which at trad the waters of the lake, and 
produce ofcillations more fenfible, the nearer its oppofite 
banks may be to each other. Without dwelling on theio- 
fufticiency of thefe three hypothefis to account for aft the 
different fads before mentioned; Mr. Vaucher obferves, 
that the true explanation ought to be two.fold; namely, 
general in order to (hew the caufe of thofe Ms confiderable 
feiches which are obferved in all the lakes, and over the 
whole of their furface ; the other muft be local, and explain 
why this phenomenon is much more fenfible at the weihm 
Extremity of the lake of Gendva, than in any otber known 
place. 

Mr. Vaucher ' With refped to the firft, Mr. Vaucher aferibes it to the 
ifoibei th-mto frequent variations which are fenfible in the weight of *dif- 
prefTire a&ing forent doltrmns of the atmofphere> and confequentfy in the 
morr ftrongly on preflare it exerts on different points of the furface of lakes*. 
JakVttao at the ma )' conceive, that if the weight of the atmospheric 
place of rife. coiiMnu be fpeedily dim inched in a given part of a lake, with* 

* This caufe was before indicated cencifelyby De Sauffere, in 
hit firft vol. of Trayels ia the Alps, 

out 
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th* femoHbjng^ happening over 4be*reli of ,th* furfhce ; 
pc Hill wore if the weight fhould be« augmented openthofc 
remaining furfape, the water wiU be forced to rife id tint 
hft place* god will again detrend when the atraofphere (belt 
have refereed iU equilibrium. It is known, in lall, that theft 
variation? of (be barometer are id (request, that it can never 
be faid . to be exa&ly ftationary ; it is known, that they cat 
be produced by changes of temperature, and Do Saoflure hdk 
calculated that a diminution of three degrees in the coluftnof 
air will account for a variation of 0,85 of a line in the ba* 

COwe ter. It is known, that thefe variations are mod frequent in 
mountainous countries in autumn and in fpring, and pteviotrt 
flormi, c ire um ftance? which coincide with the greater 
frequency of feiches at thofe times. This general caitfe tends 
|o explain the flight variations of level which are common to 
pll -the lakes; it is even of fuch a nature as to be applicable 
to all extended fur Faces, and it is therefore probable, that 
thefe. venations qf level like wife take place ‘in the fea, inde- 
pendant of the flux and reflux, which may have hitherto prey 
vented their being obferved. The variations in the weight 6f 
the atreofpbcre may perhaps contribute to thofe fudden and 
local plevations of the waters of the tea, which have aH been 
jndifli nelly confldered as of the nature of waler-fponts* Thd 
fame caufe ought like wife to ad on rivers, but inflead of railing 
or ctiminiihing .their level, it ought, according to Mr. Vaucher, 

|o produce a momentary acceleration or retardation of theip 
courie; an obfervation difficult to be made, and not hitherto 
attempted. 

As to the Cecond part of the explanation, namely, that which — and he fup- 

fhould, account for the great intenfity of the phenomenon at Pf/ e ? lh f g ! c , ater 
, - , T I . , r . rife in the take 

the extremity of the Leman lake, near Geneva, Mr. Vaucher 0 f Geneva to be 

recurs to two circumftances peculiar to that lake, and which b y ,t# P 6 * 

are found in a lefs degree in thofe of Zurich and Conflance, Culiar 

where the fetches are rood remarkable after thofe of the lake 

of Geneva; namely, the contraction of a lake in a given 

place, and the defcent of its waters towards the place of their 

difeharge. \Vith regard to the firft of thefe circumflance*, it 

will be fufficient, if attention be paid to m chart of the Lereait 

lake, to (hew that it is very remarkably controlled at its wefl- 

ern extremity, fo that at half a league- di (fence from Geneva, 

it has npt one third of the breadth of that before Thonon. Now 

we 
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wcmyr compare* lake of this fcamt*cr£ lyphon iaB of writer, 
of , which the branches (hould very snuch differ, is diameter; 
apd U ’will be . evident that if, for exempt their inequality 
being at fourteen to one, the fmalleft branch 0iotsl4 (uddenly 
jrecfiye by the augmentation of. the atmofphere a (Urcheyge 
equal to that which depreffes the barometer one line, it weald 
tall Hlinet, and the water which would be driven into t be great 
branch would raife its fur face only one line; whereas, oa the 
contrary, a furcbarg# which (hould deprefs the level of tbs 
great branch only .one line, would raife it for a moment four* 
teen in the fmaller. The effeft would be double if at the fame 
lime the weight of the atmofphere (hould diminifh on ooe of 
the branches,. and encreafe on one of the other. We may 
therefore admit that in lakes, the breadth of which is remark* 
ably contra&ed in fome part, the influence of the variations of 
the atmofphere to produce fetches will be greater in the narrow 
than in the wide part. 

Ani alfe by um A like effect will take place according to Mr. Vancher, by 
reafon of the inclination obfervable in that pert of the forfeos 
fldwiug off of * of the lake near Ihe place where it difcharget its water. He 
the waters. remarks that every particle of a liquid on a dope may, be epe* 
fidered as folicited by two forces; one which tends tq caife.it 
to the level of the fuperior part of the dope or the refervoir, 
apd the other which urges it in the direction of the current^ 
If by the fucklen depreflion of the fuperior duid tbp current 
be for a moment fupprefled, the particle will no longer find 
itfelf urged but by the firft of thefe forces, and will rife to* 
wards its ancient level, and foon afterwards defqend, £Iow, 
as we have before feen, all the parts of lakes which have very 
perceptible feiches have a remarkable dope ; this dope is Date* 
rally more confiderable at tbofe. times of the year when, the 
. waters are highert, and thefe arc the periods when the fetches 
are moil (hiking in the neighbourhood of Geneva. 

Singular appear* Independent of the phenomenon of the fetches* the lake ^of 
ance which Geneva and moft other lakes afford two other Angular pheno* 
th^t I hWtt C rftce , "^na; the one is known by the fidiermen of the Leman lake 
of the lake 1$ by (he name of fontaines. This takes place when the ferfacc 
in7part?ya^ ^ (he * n ^ ea< l ©( being uniformly calm or uniformly agk 
tated. taled, is feen to have certain ports calm and certain parts agi* 

staled, which are often mixed among each dkher in a thoufend 

swnnerv and itltaq/x very di^jn^L 2 T4is ( faft feem* ^ md4 
* cate 
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Cate (he different atmofpherrc columns, though tery near each 
other, may feme of them be agitated and others calm. Tbit 
appearance of Ibe furffcce of the fake fa confidered by rfnr 
fiftiermen as a fign of rain. 

The fccond phenomenon of which Mlv Vaucher fpeakt, Another phe- 
eortfifts in certain fonorous diftant explofions Or noifes whfeh difSSli 

refemble thofe of the difeharge of artillery, and are fometimes no jfe 0 f 
heard in the fine fiimmer evening*! This phenomenon is rare, 
hut is neverthelefs affirmed by feveral inhabitants near the lake 
of Geneva. It alfo takes place in the lake of Zorich accord- 
ing to Mr. Etcher, and in that of Baikal according to that of 
Mr. Patrin. Mr. Efcher aflferts that half or three quarter? of 
a minute after having heard one of thefenoifes he few a bubble 
of air about a foot in diameter rife out of the fake of Zurich. 

Annotations,- — W. N. 

It does not feem to me that any of the caufes yet pointed out Objections to tfc* 
are fufficient to account for the eflfeCt of the feiches. Sudden 
of throng blafts of wind conld fcarcely operate in this wiy fo refyedokf dw 
partially as that the exifience of fuch fquaJIs thould not at the 
feme time have fixed the attention of the common people as 
well as of the more accurate obfervers who have noticed thefe 
changes. It is perhaps equally difficult to fuppofe fuch un- 
heeded variations to take place in the Arve fufficient to account 
for thefe very remarkable changes in the lake. Mr. Bertrand’^ 
ele&rical hypofhetis refers us to a clafs of appearances too little 
underftood to be admitted, otherwife than in the way of loofe 
conjecture; befides which, it mud be remarked that the agency 
of ele&rical clouds is much more generally directed to moun- 
tains than to the valleys in which lakes mud neceflarify have 
their filuation. Much ingenuity islafily (hewn by Mr. Vaucher — particularly 
in .his explanation, which neverthelefs requires us to admit 

r . . _ _ . - „„ . . _ . Vaucher* of 

atmofphenc columns considerably differing in weight and oc- atmofpheik 
cilpying very fraall extent of furface. If this be even admit- P 1 * 5 **** 
ted as poffibte, yet ftrong doubts may furely be entertained as 
to its probability. It appears to me that the objeCI in queftion 
admits of an eafy folution upon other principles, and alfo that , 
hfa explanation is grounded on ^ofitions not confident with the 
knbwn laws of fiat ics. 

This ingenious author afiumes as the conditions of his ge- Recapitulation 

neral fimory that fee fake fhouil confift of two portions of 

* deatrcxKro*. 

water. 
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Water, MQMwtckmmm ^eitfiveUia^tbe othet^ Aod^onaeded 
fy,a narrower, portion or gut. He than Oates that if the at- 
mospheric prdfure be greater upon t be larger furfope than on 
the fmaller, the drflwjii be depretied and the latter will fife, 
aadftbat the difference of elevation in each furfaoenccafipned 
by. the pafl&ng of my given quantity of water will be greater 
tbe.frnaUer the furface. 

K« stmofphcdc This is very true; but it can in no ode happen* that the 
<h*n g e cati make difference between the level of one water and the other can 

a greater alter- . . 

at too in the Uke amount to a greater quantity than that of a water barometer, 

than ihe corref- by a like change, namely, about fourteen lines for evOrjr tiae 
n d o C f n ! water 0 ^ variation in the common barometer. That is to fay, if the 
barometer, barometer were to rife and fell again through half an inch* in 
£ft dlan reaHy fl^rttirae of a feiohe, which 1 believe Icarcely if ever.hap^ 
take* place. pen?, the feiche itfelf could not rife above feven indies. Tbe 
whole range of variation in the barometer could only caufe a 
rife of three feel and a half indead ot five which iotoettmes 


ffiotber theory 
offered j that the 
feiches depend 
altogether on 
the rabidity of 
fopply and faci- 
lity of difeharge. 


This dTc& is 
freo in brookt 
aad mill-ponds. 


happens. 

I, would venture to conjecture that this phenomenon is one 
among the numerous ofcillatory procefles which take place 
when two variable natural powers are eppofed to each ether 
in the production or mod ideation of any event. 'Mcftfmall 
lakes formed by the enlargement of a river, hy which. the 
fekujs fupplied at one end and evacuated at the other. Tbe 
qqaotity of water in the lake itfelf will, in thefe circumftaaces, 
be always more than would be fufficient to fill its. capacity, 
taken from the level of the lowed point of difeharge. How 
much more it may be than this quantity will depend upon tbe 
dream? which enter and pafs out. An increafe in the quantity 
of. fypply will keep the level higher, and fo likewife will aay 
increafe in the obftacles to its flowing off; and. on. the contrary, 
if the fupply be diminifhed, or ,if the facility of difeinhpgiqg 
be encreafed, the level will be deprefied, Thefe,, effects will 
take, pfece mpd flrikingly at firft at that end of the fek^wbero 
the, efticieat caufe operates. . When any change bat onoc taken 
place, (uch : as that of the depredion, it will jcootiagfi. for a 
fijprt time after the caufe has cea fed to aft; fo that jt He deprek 
lion would itfelf be followed by a rife, even oiwnm- 

ftances which caufed it were not alfo fubjeft to a like .variation. 
Changes pf this kind, on a fmall fcale, are obfervable ill mill- 
dan»H ^nd eyen i% placed b«K>k* or rivMfets, ai 

may 
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may be obferved by taking notice of fowe part- ofibe fcanif 

where a gently rifing fond may render thtr changes’ Of level 0 

more confpieuous. The variablenefs ’ of the weather at tftMt muft be more 

fpring and autumn/ by occafioning more Sequent changes in 

the quantities of water, and confeqdentty m (he ftateof the^umn. 

rivers above and below the lakes in qnefiion mail redder ‘the 

feiches more frequent and extreme at thefe times. They wlM j 

atfo be mafi ©trident at the ends of a long lake; and Hie Other 

dream fiances will be modified by events that for the mod part ' 

would require to be afeertained by obfervations of the local 

dream fiances and events on the fpot. 

The difiinA portions of rough and fmooth furface called The diftladl 
fontaina, which are obferved on the lakes, are very ftrikihgly 
feen at fea whenever a breeze fprings Up after a dead calm, rough furfaceoa 
This effect is very remarkable, and may perhaps be accounted 2a afiar 
for on the fuppofition that the incipient motions of the air may a calm, 
be attended with eddies that may ad more firongly on one part 
of the furface than another. This however does not feem re- 
concilable with a certain fieadinefs of appearance with which 
tbeftqooth and rough furfaces continue difiinft from each other 
for certain lengths of time. I am not much falisfied with the 
conjecture which offered itfelf to me, or which i$ay have beeft 
.mentioned by fome other peffon when I was at fea many years 
•go; but it at leafi deferves to be noticed here, ft is well 
known that the wind fearedy takes hold of water which is 
covered with any oily film, and from the experiments of Frank- 
lin and others we have learned that a (ingle drop of oil will Suppofed to arife 
vapidly fpread over a large iurface of water, and caufe all the 
fmall primary waves to fubfide, rendering the forface extremely the water, 
fmooth. It feemed to me not unlikely that oily matter from 
annual remains might rife to the furlace of the fea during * 
cytlm and fpread itfoif irregularly over certain parts, which 
would continue fmooth for a confidcrable time after the light 
commencing breeze had ruffled the other parts. I think Irons 
recolledion that 4 hi«r appearance could not have lafted more « 

than a quarter of an' hour* but it is very commons and I often 
few if; May not a-fithrhur caufe produce the appearance of the lake 
the lake of Geneva. r aifo# 

The fonorous reports refemblmg difchargesof artillery feetn The fonorous 
very likely to arife from the extrication of gas at the bottom teportsiefcin- 
of the water, which rtkt and ftedu at the forfoeci I have t^be 

DO made by gaic*. 
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00 rmmuk to make oo tbit febjed, butodvgrt to it principally 
witha view to mention an effect opt generally known, bat 
. calculated to (hew the agitation which a fnoall quantity of at 
Remsrksbte *£- cemling air can produce in water. If a fwimmer fill bia lungs 
ML of agttsnaa with air by inhaling at much as poQhle, and then diva down 
aucaTbv tk~ 01 d«focnd bite the water to the depth of fourteen, twenty pr 

blown flowlf more feet, and when at that depth tlowly blow the qir put of 

bk mouth, he will hirafelf hear a roaring noife, and the fpao 
aepth of fcrynl talon will fee with furprife the furface of the water railed into 
*** 9 01 con l ca ^ ma ^ 1 about a yard in height, with the water 

* flowing round on all fidet over a furfoce of feven or eight (qpare 

feet. I baye little doubt but tbaf the noife of this tifiag co- 
lumn of water with the breaking of the bubbles of air would 
be very remarkable in one of the ft ill evenings or nights of 
lommer, when the efled of noifes is remarkably .more im- 
preihve than when the louder ibqpds of the day render them 
lets obfervable, and in many iuftances altogether inaudible* 


XII. 

Experiments to ajbertstin the heft Colour for marking the MeeUgf 
" ' Pitees of Cotton or Linen in the rough , xMch JkmE be capabit 
T the Operations nf Bleaching, as meU euthemeft 

complicated Proceffes of Calico Printing, withonf Jfiroading 
’ beyond the Limits qf the Imprefion. By Mr . H&uffm etnu* 

Pwptsia m* In order that a colour may be proper to mark piece goads 

every kind it is requifite that it (koald contain no fitbftaaoe 
erdrug capable of fohition in alkalies; it is equally oeccflaiy 
that its component parts (bould not 'become whke-by oaygoaa 
rion, and that they (bould remain in(bluble in acids fufliotcntljf 
flrong fur the bleaching precedes, as well as for tbeppetitieai 
antecedent to the calico printing. 

03 colours art Colour* a ropofed of drying oil cannot therefore, as I have 

be ufeful in th<jfe kind of marks, becattfe they arenof 
*c. * oaly attacked by alkaline and foapy liquids hot lthewifc be- 

cause they dry (lowly, and by fpreadiog beyond ibw limits of 
impreffion, very often occafion fpots. 

* Ann a ls* de Chhni*, WL 303* 

5 If 
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If the colours of fplrituoas varnifh es weretiot fubjeG 15 the VamiA coloan 
inconvenience of too fpeedy evaporation and drying they woold refped!* 

be inadmiffibleon another account, namely, that the turpentine 
•rid retins are eafily converted into foap. Gum copal is equal- Copal yields to 
ly unfit for marking colours, becaufe it quits the piece by hoiiing water, 
iimple ebullition in water. But as the varnifh which I have 
made defends veffels of copper or any other metal from the 
adtion of acids of a certain ftrength as well as from that of the 
atmofphere, I have thought it might not be unacceptable to 
delcribe its Competition in this place. To obtain this varnifh Procefs formak* 
from copal as pale and as clear as water, this gum mud be re- ^c^Ha 
disced to very fine powder and expofed with twelve parts of powder is dif- 
the fineft oil of turpentine for feveral days, or until it (hall be 
completely ditTolved at a moderate heat on a fand bath in a j n oilof tU rpcn- 
capfule of brafs, Gone ware, or porcelain, taking card to tlir toe. 
it as often as poffible with a rod of glafs. At the moment 
when the confidence of fyrup begins to take place, the entire 
folution of the copal is effected by agitation, particularly if a 
fmall quantity of oil of turpentine be added from time to time 
to fupply the lofs by evaporation. Three fourths of the oil of 
turpentine which is loft by evaporation when open veffels are 
ttfed* may be laved by performing the procefii in a long neckdd 
mattrafs, which is to be expofed on a (and bath a (efficient 
time to complete the folution of the copal, and (baking it very 
efteifc. The varnifh obtained by either of thefe methods be* 

'ceases yeilowiih if the heat be urged too (Irongly ; and as by 

its too glutinous confidence it would be difficult in its appliqa- 

lien, it is convenient, in dead of diluting it with oil of turpeh-Thay^slw* 

•me, to mix it with one fourth or one fifth part of its weight of 

-aloohoi, taking care not to ufe too much, becaufe an excefs hob 

would render it of a milky white by the precipitation of part 

vrf the copal, which cannot admit in its folution more than to 

certain quantity of alcohol without precipitating. Veflels OfMetiBis vefletT 

brafs or of any other metal may receive one, two, or three 

‘ceatibgs of this varnifh, and mud be each time wefl dried in thorn aiay be 

the oven. After this treatment they may be wafited witbbofl- f**^*^^ 

• ^ , , AM1 iog wmm wun» 

tog water without injury, and may even be expofed to a ffciM ou t injury. - 

greater beat without the varnifh coming off ; but thefe veflfals 
mud not be rubbed with fand or other bard bodies. 

By means of oil of turpentine, which evaporates and dries An oily corn- 
left fpeodil/ then alcohol, 1 focceeded in making a black com* 

pofilioQ other goods. 
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petition, which I clpefled might be uled with advantage in 
ftatrking piece goods. For this purpofe nothing more is need- 
ful than to diffolve (lowly on the (and bath, and w^iih cbnpant 
agitation. One fourth of its weight of afphaltum or bituipen# 
"judalcum well pounded, and afterwards to mix as mod) lamp 
brack, or' any other dark coloured mineral m fine powder, 
fuch as black lead, galena, or the like. * This colour maj 
be had more or lefs thick, by due proportions of the oil 
of turpentine and bitumen; it prints very w$il without 
running, if the proper proportions be attended to, and a 
Kttle oil of turpentine be added when it becomes too (hick* 
This bituminous colour fupports the adion of alkalies and 
of oxigen very well, and refills all acids of moderate 
frrfcngth. 

As I thought it unneceflary to continue my experiments on 
oil tolouts, I made my experiments on watery compounds in 
the following order. 

Scftion I« 

Fidt marking I diflblved in four ounces of water one ounce of the frilphaie 
procefs. An im- 0 f Manganefe without its water of cryftallizalion ; that is to 

preflion is made - . ° . . _ . . _ _ / 

■ folution of l a y# it was in the (tale it pofTefies when oxigen gas is. pro- 

fulphate of man- ctnred from the black oxide of manganefe, by oceans of the 
with gumf 3 ^ Cd ^ 1 ^P^ ur ^ c ac| d> an< ^ railing the beat to ignition at (he end 
covered with of the procefs. This folution was thickened with one dram 
cloth being* then ® ne 8 um adragan in powder, and coloured with lamp 

dipped in alkali, black, in order to diflinguifh exactly the imprefiEion .which 
thc ^3Sln eafiI y mac ^ e w ^h this black faline metallic mute? of 

fcrowa'oxide which neverthelefs, we cannot make effective ufe without 
be P^ un S* n S *^e en( * l be marked piece into an alkaline ley, 

difeharged by taking care that it dial I not fir ft be wetted with watery which 

bleaching, or by would carry off the faline matter. The ley may be made 

P^th or foda, in the proportion of one part alkali to 
nine or twelve parts water. It may be ufed in the Sale of 
Carbonate, or rendered cauftic with half a part of quick lime. 
The precipitation of the oxide of manganefe from the mark* 
by either of thefe alkaline folutions will take place (exclusive 
of the (lain from the lamp black) of a yellowifti white colour, 
which will become more and more brown by attro&ing the 
oxigen of the atmofphere. The change of thefe marks. to 
the brown, and even to a deeper colour inclining to black, 

will 
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will take place very fpeedily ty blpaphing with Ibe oxigenated 
alkahne muriatic ley, the pieces of which the ends have 
b*cn plunged"*** few minutes in the alkaline as Before pre- 
Thefe marks of the brown oxide ef manganefe- 
refill not only aH the bleaching materials, and all atftfcofa 
reqtiifiie fodee, but likewife the mofi complicated- procefs of 
manufiflira of calico printing. 

SeQion II. . i 

If the acetic acid had' not a much (Ironger affinity with The acetate of 
aanganefe than it has with iron* and if it dMemrhged «»* 

®* reat % from the acetate of manga nefe as k doea’out the fame 
uom the acetic folutwn of iron by evaporation and dryirw mani P uUtiw, » 
welbould be able M procure indeliabto ma*„ in tbeVuX 
ample manner, by depofitktg the oxide ef mangmefo on- K t ca ' ,i * 
piece goods by means of the acetic acid, and afterw a r d* 
limply leaving the oxide to the altraflion and falarerieaof 
oxigen from the air. The acetic lolution of manganefe is very 
readily obtained by mixing a proper quantity of acetate of 
lead in a fetation of fulphate of manganefe. But as iffijs 
acetfe fetation affords no advantage in marking piece read* 
beyond theft 6f the fulphate of manganefe, and as it requires ■ 
prWiMy the feme management as that deferibed in the feffi 
edion, and it ia likewife more expenfive, it deftrves to btf 
rejt&cd. 


Stftion IU, 

Two oroces of fulphate of magnefia didbived in eight; Sulphite of 
ounce* dF the acetic fohition of iron, concentrated to the poirn m “ g “* c ‘ w!A 

* Went y de g r "*' •*•«» when thickened wkha'SwbZe. 
one wrnetb part of gum adraquack, a deep yellow liae«w Itdri '* n * ore 
be comes mere and more brown, when treated m j v qaickl3 '" 
wmt uyfa the feme manner as deferibed in the fir# paragraph. 

«e acetic Wutioa doee not, however, afford any other 

* T*}« ^ of marks to dry a little mere 

ipeeddy ; for the oxide of iron diflolves in acids accordingly, 

al * #'*' e ‘** e preference to guqi-adragant 

«g tn Menrrrg tofatrr, to other gums and to /larch, becaate 
T*”?.” 1 weaken the cekmrs too ranch, if however, 
were ■oafcrbe any Dhjeffiiea to gum-adrsgen in cerarfe goods, 
ftanrh may be tbefe afad. 

Voi.XIJ.^ Novimbir, 180 $. J> Staion IV. 
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Mxbf«M^ y we ,be lalc*n^nicJid p(oeef» of dtfeBgiglngtehignb gne 
** 8 ^?**?" -ftfaa a^Uttw olf>tbfrhMnot«d» ofnUagn>8tfifrnad1Mpftttric 
gnoek ofcca»ne4 * herd, -not ,4© awry tte Ace WfgWhim;- «to ' Mttt e 
il V?* i f» ?* a^ b<»^^la<N»d<»<-becoa^v<tWlfl> whHefcyflWdg 
affix* fi'ed ’fceaU When that r*6due h diieieed , in Eatery i( u kn»d* 
j^^^S'^lwbiod It lan otfdti ef a deep grey, ffbteh-adq*tMis.’it :*e*y 
minA-i. ppflycaolilbsjice wn Ibe fibre. Tbit ovidefiwxerfwhb Ettay 
.tied* watartftiekeMd with j^ioadn^pfct, fcayWuletHa print 

narkt-of-* tnry deep grey, which drink fpeetf ilyjOhd 48U 
c et w doet -«iWPe^.oatitltlr nutter, 1 •eeen^heogh'^ltM^fnh- 
Hhqaem di^pieg ie^an etkaK be omitted, ft is -fa find l&t 
•i(«et odiy’ibppntft the nSfoon of alteeidi of ^be isruwtfWcter- 
nwg ftpteglitr, hut hhevoiCj atltho bleaching red printing 
. precede* whheiit eMrechng ‘the eeledriag muter Of -rey-dye 
‘whatwwtv • ••• *• ■ • * •• • ^ ' - -- - a - v.^su 


•:■ . V. ■ . . : * •«.••• t.-" ■*•■■ 

, M Section V, . , , ni 

Addition of the! . . iftbeve vvera no re*fon to fear fcgeftog&ve fiigbtdcgrte 
^ pk®* W * 1 * 1 * U>e.«Mirk it '4adc, it woehl4>e advantageous 
ing oxide* it |o eaqrfoy oqaol pant* of the lad ddbrifc«dgre]rpaAo*JM»d 
tdords ad>«* uitrarouraiic foloUon of tio, <xmtaiim 2 g oo^4oiu^f^ 

• ^£- 4^o*svetal, and thickened with gtwn~ad**ga«iii -i®hi» 
vjcoiiy it os unalterable as that of the fourth fe&toA 
^hastbe additional advantage, that itt oxide of tk* being fe- 
utucaicd with oxide of exigeo/nttn&s theco4e*rihg-plH«bf 
radytiitAuto, and.actjuites a-pdoe cqUmvbf uhMtow tiNuaft 

r obferve ea lhU^occafioar that, by the (to dtaddif Jdyo>vthe 

iisx4om**£ naiks doBKlbejotide of niHnganiahyfatdrkedaekii 

* 'Ogigoii* ^become pf a \ deep, puce colour, incliamgf*# hiadk, 

c vwbeccet So * Jcfe oxigenated Aale ihoy ob^iieifauswlflMdes. 
\ Ih^aRihefe cafctuDtbum> bov«e«er^ilits requi&*vitbd*r*be 
. ^ t* greotffcs^eflibSe; ether* 

s wtfrtbo (fcadeawill hovfwour, andileti inteflfe^ ^ bslair** 


iv- I 1 /;:} i; *il.i ^ ’ *a. n / ^ .*v • » •- u- <;uC<* *Jth to psgur. 

ii, p.iiji*.-.! s..i ij U tiq o vj i. c* lu yfUq a#roid i»r r 


Experiment* Ae0yiifdbiNblft«MtnUiBL oxxje*. ncq dh e i Iherpmpetty ef 

with th* pre- . , Hi ri ng to. CH®*hji^ ^rerewinf heW, Jdetnotdetteodlpiwhetter 
«ncfc ^ tofedeithrihplprejfipimpnf dmegehefe 

ton of iron. faturated will) oxigen. For ibis purpofel difWrinivbhe pert 

■ti . ■? of 
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of fulphate of manganefe in fix parts of water, and precipi- ftrperiments 
tated the metal by adding to the point of faturation a cauftic with the P re - 
alkaline ley, made with half a part of quick lime, four parts 
ol water, and one pad of calcined potafh of the (hups. Xhe of iren ' 
precipitate was yellowilh white. To the whole aqueous mafs . 

1 then added a fufficient quantity of oxigenated muriatic alka- 
line ley, until the precipitate was completely fat u rated with 
oxigen, and its brown colour became no deeper. I afterwards 
collected on a filtre the precipitate or brown oxide of manga- 
nefe, where, by the drainage of its water, it became pally. 

This brown parte, mixed with half its weight of the mod con- 
centrated acetic acid no longer afforded any but a weak brown- 
ilh rtiade; it was the fame with a fmall addition of one or the 
other of the three ancient mineral acids in a ftale of folution 
I did not fucceed better by mixing one part of the fame brown 
parte w.th an equal quantity of the acetic folution of iron, 
marking 20° of the areometer of the faltpetre makers and 
thickened with gum adraganth. This acetic folution of iron 
containing only the quantity of oxigen neceffary for the folu- 
tion of the metal ceafed by a flronger affinity, the excels of 
oxigen of the brown oxide of manganefe, which in its turn 
became dirtolved, and the mixture of the two metallic folution* 
afforded a yellow reddith very deep and tranfparent liquid, 
which confirms the fad that a metal falurated with oxigen re- 
quires Iefs acid for its folution than if it were in an oppofilc 
flate, and that being then furnilhed with an excefs of acid, the 
folution falurated with oxigen can admit a portion of another 
metal without becoming turbid. This mixed lolution of the 
two metals afforded me only a rufty yellow which was dif- 
charged by weak fulpburic acid completely, in fomewhat iefs 
time than was required to take out a ruil fpot in a Jets oxigen*. 
ated flute. In order to obtain from the mixture of tfaele two 
metallic lolutions an indelible marking colour, it is nece/Tary 
•hat l be marks Ihould be fteeped for feveral minutes in an oxi- 
genated muriatic alkaline ley, to precipitate and faiurate the 
oxigen of the oxide of manganefe. By mixing half a part of 
the brown parte of manganefe to two parts of the folution of 
the two metals the new portion remains untouched and renders 
the whole turbid. This turbid mixture left only a light brown- 
i mar «i piece goods, which had remained long in the di. 
luted fulphuric acid. 


Digitized by Googlt 


\ IU. UAiftA 

.... 

fey 

fx 


^€>«: 3 TATI 0 K ok gases, &c. 

«. n Ae muriatic folulion of tin, which has the 

' thi irj t hr oxigen from many vegetable, animal, 
^ ,-<**:* ja6tffeaees, and which, on this account, is very 

'*■ r ■ *g, as well as in calico-printing. We may dif- 
jiJblve inftantly the detpeft oxide of manganefe 
^ o* row, which proves the preponderating affinity of tin 
,.M.> jxtgen beyond that of manganefe or of iroo. 
r'. \ There is no reafon to object to fieeping the marked 
»i so alkaline ley; the operation is fpeedily made witb- 
(nibble h>fs of potafti or of foda, if the operation of lix- 
viau.iic be immediately proceeded upon, for which the re- 
utftiuoer of the ley may be ufed. And generally, if the 
Kucl.ce be ufed which has been adopted for a number of 
.jrs, of rendering the alcalies cauftic with quick-lime, the 
av*ng will be confiderable and with better effect. 

am m*A>r - nym tt v ■ .. .",T-g 


xin. 

* ‘ V 

JVba? &n the Formation of Water by mere Comprcfionj nitk 
TUjle&ions on the Nature of the EUdrie Spark* . By M. 

It ** feme time ago that, in cpnverfatipi) wkK.M. Ber- 
tfeeiJeton the nature and properties of heat, I communicated 
t* him the perfuafion I had, that the combination of hidrogea 
md oxigen gafes fright be determined without the aid of 
dleQrtcify, and merely by a very rapid , com predion* This 
refidt appeared to me a confluence fo immediately iollow- 
ittg the obfervations already made on the he&t difengpged. 
iMtair by compref&on, that I thought it needlef* to afcortaia 
it in any other manner. But having fmpe converted wilh^fr, 
ttaoPJece, he appeared fo inierefted.ds firoogly to mge me to 
» wariicotioa. I therefore made the experiment, w hich coja- 
pietdyfeeceeded. It was made -in the cabinet of the Poly- 
technic ScbooL I am greatly indebted to Al, H^flenfraU^ 
prefeflbr of natural pbilofpphy in that efiabldhmenC for tb^ 

* * Bead to the National In&tute of France, and infiwrted in the 
4»al«a dt C)timit* * I-JSI. SSh 

great 
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great attention be paid in caufing tbe requilite preparations to 
be made, and for his perfonal aflift^nce in repeating it. 

We took the fyringe of an air-gun, the bottom of which Experiment in 
was clofed by a very thick glafs, in order lligt we might 8b- ^ngc* 0 f Trfair-" 
ferve the light difengaged as ufual by compreffion. This fy* gun filled up To 
ringe was of iron; it had a cock on one fide to introduce the 7nd' admit 

gafes, and its lower extremity on the fide of the pifton was ofinfpeaion 
enveloped by a cylinder of lead, fufficiently weighty to acce- ^ 

Jerate the fall and render the conlprefiion more rapid. This vmb common 
apparatus w f as firft tried by introducing atmofpheric air; bat ™r> 
though the experiment was made in the dark, no perceptible 
light was feen, probably becaufe the violent motion neceflary 
for the rapid comprdfion, prevented the operator from look- 
ing fo diredly through the glafs as to perceive the tranfient 
light which comprelfion difengoges, and which I myfelf had 
feveral times feen. t > ' ') 

Immediately after this trial a mixture of hidrogen and oxigfen and afterwards 
gafes was introduced into the fy ringe, and a ftroke was given, oxigeuand 
An extremely brilliant light appeared with a loud detonation : hidrogen. 

The glafs bottom was driven out : The copper ferew which broke^by** 5 
retained it in its place was broken ; and the per ion who held ftrong luminous 
the fy ringe had his hand flightly burned and wounded by the 
force of the explofion. 

The experiment was repeated, by fubflituling a brafs bot- Repetition with 
tom of one entire piece ferewed on inftead of that of glafc. xhTfyring^* 
and a new mixture of the gafes was introduced. The firft burft. 
flroke of the piflon produced an explofion, which was heard 
like the loud crack of a whip ; but a fecond flroke w ith a new 
charge of the gates, cauled a detonation which broke or rather 
tore the body of the fyringe with a violent explofion. 

After thefe phenomena there can remain no doubt refpe&- 
% itig *tlre combination of lire two gates; as it is known that 
this combination produces the detonation by the imraerffe 
quantity of heat difengaged when they pafs to the Irqifid 
flate; a heat which is fufficient to reduce them immediately 
into vapour, and give them an exceflive dilatation in that 
flate. It was not therefore thought rieceflarv again to repeat 
this experiment, which is attended with lome danger. 

^ Tire theory of thefe phenomena is ex«r<r e \ Ample. A Theory, the 
rapid comprellion forces the gafes to abandon aA ery great g,vc out 
. • • j i $ quantity 
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>e*l, whicb m* heinj ^ 

P*Uob, nifei their tempera tore in the mftent folffciem'dy *<ot 
flole of cotnprefliqn. . " ‘ ‘ ■ 

;; Tjiw jt is Unit we find jn the' two gaft^dl Lift ejbw*# 
P$r?flfcry % thehr cot.tbiiMtion, independently <m, m» efcjwk 
{park pr external bent. We might probeSif the faijn^iw^ 
nor, and without any foreign agent* prodace'all the 
combinations which require an inqreafe of temperature* 

This identity of refults has led me to a notion wbko t 
^k C n^oiu fckmUlo the judgment of philofophers, It is known, 

•fit merely of Berthollet has (hewn it in his Chemical Statics, that deftricity 
Sem owaps ffled^ P^®°£ through bodies, produces a true cj^esr 

air* particles* This effeft is produced with the root: extreme 

♦velocity, as may hp proved by an affinity pf experiments. 
Now e|e&ricjty podeffing a yelpeity fo great, it'ia impo^fe 
that it fhould not difengage light from the air, fincewe can 
djfengage it by a com predion fo much lets rapid. In tiuf^way 
it is. that we are led to a condufion, that tins refold o|F the 
ele&riC'fpark is the purely mechanical efe& of cbmprtMo#^ 
Itfore tmpje eit-i If we now compare what pafies in oor condenmig 
yUnation.. ™ tnd in the eudiometer of Volta, we (hall find chat 0ie anfWr 

CXtrtoc Telocity * | - . g y. - p ' j I* * > * i i 7^ 

of ele&ric'mat~ m complete* Only that in the firlt cafe we are obliged to 

mrwill tooofly confine the air, becaufe the velocity we can give to the pu- 
^ 4on (aJ t mked *- Whereas in employing eledricily , t he particl es 
are compreffed by a velocity fo great that they can never 
withdraw . them (elves with fofBcient fpeed from its effort. 
Therefore the compreffion may be equally well made in (he 
•epeh 'hftr, together with the dtfto gagem e m of tygUrwIhe 
• fparit, which is Ht cohfequence. But this nfM4*4ecdl ; and 
if the gafes be not fufceptible of combining together, fhould 
after each explofion return to their primitive dimenfions, they 
nouft immediately refume in* this dilation all lbes%isikt they 
, had before difengaged, fo that there capnot be 
lifting change ip their cenflitution.. This eftplptqt^jyyio 
alteration has eyer been feen in very pare jnmixf “ 

\iyben fubje&cd to the adion of the eledric fpash. , , 

«n a it fo the raw ,Th« light which dedripily difengage* m>m Jjhct^ 

°“ r cppapreflkwp* it muft.alfo difengage from the rooifr Rifled 
. .gafes, and on account Vats extreme velocity, it muft disengage 
if even ^rom vapours* when experiments are made unde{ the 

receiver 


Motion. 
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receiver of an air-pump or in the torricelian vacuum : For we 
cao never form a perfe& vacuum with our machines, and even 
in the tube of the barometer mercury always exift* in the 
form of vapours# Tbefe vapours, though very rare, ftill con- 
tain a large quantity of caloric, which the electricity mu ft dif- 
engage in its paflage by compreftion ; but the inftantaneops 
augmentation of electricity which refults, cannot become fen- 
tible on account of the little denfity of the medium ; but this 
increafe is perceivable in dqnfer air, as we fee in the inftru- 
ment called Kinnerljey's thermometer. 

The con(] derations which I have here made, appear to roe Oondufloa# 
to point out with fome probability, that the phenomenon 
called the eleflric fpark, is owing to the light difengaged from 
the air by com preilion during the paflage of the eledricityj 
fo that this phenomenon is purely mechanical, and not at all 
eleQric in iifelf. This is the notion which I fubmit to the 
judgment of philofophers : if it be true, it muft tend consi- 
derably to diminifh the number of hypothefes which have al- 
ready been made, or may be made on the nature of eledri- 
pity. For this reafon it is that I have offered it to ’their con- 
sideration, requefting that it may not be be thought that I 
conflder it as of greater Importance than their deliberate exa- 
mination may beftow upon it. 
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To Mr. NICHOLSQN, 


iv {\ conlrivppces have been propofed and adopteg- fj>r Thormamttert 
fpgjifterin^ all the ftations qf the thermometer and borftmjet^r, 
jby to cans of a float or other equivalent inftrumept parrying, a the weather, 
pencil* w{iich toatks its fituatipp pfl 4 fiftjjRpe gradually mowyd 
fdong ty toeaQ£ pf * dock/ Thefe, of which ^ 

jtbow the yalu^ \arq netferlhelefs pen five, andrequ/rea -.w i\ 

? jrul§ciept tp '£2 v * 14 ;: 
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Six’s thermo- contrivances acceptable. Mr. James Si* communicated, 
about 25 years ago, to Hie Royal Society a thermometer, in 
which two fma!I indicating pieces were driven by the fluid in 
the tubei to Nations where they Hack, and remained after the 
change of temperature, and (hewed the bighefl and lowed 
degrees that had occurred (ince the laft placing of them in 
contact with it. As this internment is fuflficiently known, and 
I am now to advert to a Ampler contrivance, I will difmifs 
that fubjtdl and advert to this lafl. 

Objections to it. In Mr. Six’s complicated thermometer the tubes were ver- 
tical, and the indexes (luck in the glafs by their fpring ; be- 
tides which, a finall piece of Reel wire being expofed to aloo- 
Another ther- ho!, was at length oxided and fet fa ft. The other contrivance 
Sews The great- now *° k en * n ol,r London (hops, and refpeding which 
-<ft and lea ft you will do an acceptable fervice to your readers and the 
temperatures, feientific world, by inferting a (ketch in youF Journal, confifts 
(imply in tw o thermometers, one mercurial and the other of 
•alcohol (Fig. 1, PI. X.) having their ftems horizontal; and 
the former has for its index a fmall bit of magnetical Reel w ire, 
and the latter a minute thread of glafs, having its two 'ends 
formed into (mall knobs by fution in the flame of a candle. 
Defcription. It The magnetical bit of wire lies in the vacant fpace of the 
thermometer* 1 mercur ' a ^ thermometer, and is puftied forward by the mercury 
which thews the whenever the tcmperatuie rifes and pufhes dial fluid againft it : 

maximum; »nd b u i when the temperature falls and (he fluid retires, this index 

a Ipint thermo- * . 

meter for the is left behind, and conlequenUy (news the maximum, lne 

minimum. other index, or bit of glafs, lies in the tube of the fpirit ther- 
mometer immerfed in the alcohol, and wjiep the fpirit retires 
by depreflion of temperature, the index is carried along with 
it in apparent conta6t with its interior fur face: but on incrcafe 
of temperature the fpirit goes forward and leaves the index, 
which therefore (hews the minimum of temperature {ince it 
was fet. As thefe indexes merely lie in the tubes, their re- 
finance to motion is altogether incontidcrable. The Reel in- 
dex is brought to the mercury by applying a magnet on the 
outfide of the tube, and the other is duly placed at the end of 
the column of alcohol by inclining the whole inflrument. 

Quezon. Why I beg you will explain the motion of the glafs index. I can 
Indcx^alwayTTc under Rand from the general fact that mercuiy repels jicel , 

mains in the that this fluid will drive the fteel index before it ; but I cannot 
ipiht. jnakc 
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mk€ ©»t to my fitfafadkm, how the Iqr ettrsdfo^ gUr f 
can ptoittat the other index fiMfever rifing pat erf h* fbr&ce* 

Peth&p* tbit thing may be already explained to elementary 
etto, ♦ airfare 

jodr dear and papular way cannot be thought fapertaoas* * * 

1 •*'*'' * * 4 fiifi 1 ' ,r * / ■** V 

:' •" '•••■ '"* 4 sir • 1 “ ‘ ’ 

■~' i '•, 11 totter •; 

' • *tf #< \r* t j-r ^ »*•* ^ --*r .,*, | 

• ^ > . w ^ o Ur j * f. t. » (f i 

- - 

* ^ -the fa^bce 1 df t!he dtfufcm bf Spirit^* etewea^tl^w^ 
riagnlflar; it fa Ifeeh to have r the<fbrm of a concave Hendfpbettf, H^jj^** 1 ** 
which thetffa fhhrtbe liquid is^atWrided 1 by the gta& * ^TM^uae/lNoonA" 
glafiflif W*t*plaC0 is Confeqderrfty* attracted hi ihw 

divea^m by a force equal to4hat Mdch is Sfo employed in to U [t and draw it 

maintaining. that concave figure; and if H'tocte 
rodvfe^lrW&ld be drlrafa back / tifl j lhe ; flatfaHhCewasrc* 

ItofM/ Zet\js foppbfea ftwttJlffitflc or phfce of -gfafcfo Ik 
loofelftfttih'tiife tube, and to prtkrude kitor tber ‘iact^^dbh 
beyond the furfcee of the tflcdhdl; 7l fhe Arid m& M k ti n 
alfo By fhb'gfctsi totT&rtn a concave between 

that Pf bPtte*l>dre of fhfe rube. But the *frielMM fa % rp feob -o» ?»!?■. • . 
being quile at liberty to n&Ve, wilMfo ‘drawn tdVrhrdf $&>***'* •' 
fpirit fo long as (he Ultrafifvg force potfefffes an/ a&rtftf; [fait 
i$i*ti!}bhga3 hny additional fluid hangferdund the gldaj or ha 
othef *4v0rdsi Until* the fend of the flick of ‘glafrir even Willi 
the 'furficfe.* "Whence it f* ften tbat the Tttult piece of'gWr 
will' be refitted, In any a&Sori that may tertd*1o protrude it > 
beyond the Turfacfc of the flail!'; fend If thhTdiitance'be greater 
f than thfi force required to flide : it* along in tbk tube (asiirftfit 
it B)’ the piece matt be Hided along as the ikdhof conttaftrf; 
foasalwayato keep We piece wflhiri the tkrich ' AluHbb 
fad is accordingly obferVed to take place. *' •** **'. ** 
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exponent part* In a memoir which I read to the Philomatic Society in 
oi'^iUu Praireal laft, I rficwed that milk always contains the free 

acetous acid in a greater or lets quantity. At the fame period 
Mejfrs. Fourcroy and Vauquelin found that it alfo contains 
phofphate of magnefia, and that the lactic acid of Scheele, or 
that which is obtained from ferum of milk fpontaneoufly coa* 
gulated, is merely the acid of vinegar combined with an ani* 
mal matter. So that in the prefent flate of our knowledge 
we mud confider milk ascompofed of, 1. Water ; 2, Acetoqs 
acid ; 3. Cafeous matter ; 4. Butteraceous matter ; 5 . Sugar 
of Miik ; 6. Extractive matter ; 7. Muriate of foda and of 
potalh; 8, Sulphate of potalh ; 9. Phofphate of lime; 10. 
Phofphate of magnefia. 

Of thele eleven fubftances there is one which I particularly 
examined fume months ago, namely cream. I was deftroqs 
of afeertaining the circumftances which govern its reparation, 
and particularly its transformation into butter. 

I had before obferved that milk coagulates as readily in 
b t«e tots not pl°fed as >n open velfels ; I know that no gas is difengaged in 
vc^uire fttcis of this decompoQtion, and that, in order to efieft it with ra- 
P'dity, it is needful only to raife the temperature to between 
20° and 40° (Reaumur I fuppofe; and, if fo, anfwering to 
77° and 122° Fahrenheit). It was clear, therefore, that the 
air contributes peither to the formation nor the reparation of 
* cream, but that it cxifb ready formed in milk ; but it remained 

. -f.. to be (liewn what are the principles which enter into its com- 

:t ; ' * pofition. Being perluaded, from various obfervations I had 

made, that it is only an iptimate mixture of butter, cheefe, 
and fe^um, I proceeded to ascertain this point by mixing a 
pint bottle (Englifli quart) of recent cream nearly to its neck, 
from which I difplaced the remaining air by carbonic acid. 
I then clofed it well, and agitated it ftrongly in every dire&iop 
for half an hour; at the end of which time the contents having 
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become very thick and adhering ftrongly to the (Ides of the 
bottle, gradually became detached, and foon afterwards were 
converted into a white liquid, in the midft of which fwam a 
yellow mafs of excellent butter. Hence ft follows, that the 
butter exifls in the milk, and is feparated when the milk* 
being deprived of the vital a&ion, is left to itfelf. At this 
time, either by the formation of an acid ariflng doubffefs from 
a decompofition of the extractive matter, or perhaps From the, 
lefs fpecific gravity of the butter compared with that of the 
cheefe; for the butter begins to feparate almofl at the moment 
that milk is poured into a vefTel ;-~the milk is decompoled, 
the cream rifes to the top, and from thislafl, by agitation, and 
more particularly by the affiftance of a temperature between 
15° and 20° (66° to 77° J\), butter is obtained together with Proccfs of bat- 
butter- milk, which is a white very mild liquor, in which fome^ 1 
better an^ cheefe are fyfpended in a very divided flate. But 
the butler thus obtained is not pure : It ftill contains a portion 
pf cheefe amounting fometimes to the fixth part of its weight; 
and this is the caufe of its fpeedily becoming rancid, parti- 
cularly in fummer. When the cheefy matter is feparated by 
fufion, the butter may be kept a long time. It is true indeed f 
that by this fufion it acquires an acridnefs which greatly limits 
its ufes, and makes it unfit to be employed in frying ; but this 
difadvantage might be remedied by keeping the temperature 
much lower than is ufual. Clouet firft made this obfervation; 
and hence the following procefs may be adopted for purifying 
butter, or feparating the cheefy matter without giving it a bad 
tafle. 

1 . Let the butter be melted on the water bath, or at a degree Purif^cition of 
of heat not exceeding the <56° of Reaumur. 2. Keep it melted but ? cr y fufioa, 
till all the cheefy matter is collected in while flakes at the bot- the chccfyTwt. 
tom of the veflel, and the melted butter is tranfparcnt. 3. At 
this period decant it, or pafs it through a cloth. 4-. Let it be 
cooled in a mixture of equal parts of pounded ice and fea-fall; 
or if ice cannot be procured, then in cold fpring-water, making 
ufe of broad (hallow vefTels, Without this precaution the butter 
would become lumpy by cry flalji zing, in which flate it could 
not be ferved at table. Betides which, the parts being con» 
denfed by this fudden cold, are found td refjft the aflion of the 
air mpre effectually. With this lail intention it is alfo proper 

to 
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to cover the pot in which the batter is kept very exactly, and 
to place it in a cold expofore, fuch as a ceHar. By this treat- 
ment butler may be kept lor fix months or more, and will be 
nearly as good as (reft butter, particularly after the top is taken 
off. It is even poflible to give this fufed butter to a certain 
point the appearance of freth butter, by beating it with one 
fixth part of its weight of the cheefy matter 5 and fo likewife 
rancid butter may be confiderably amended by the procefs of 
fufion and cooling here prescribed. 
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^ . Temperature of the Sea. 

General fada Mr . ‘PIRON has lately coin m qnkrated to, the french Na- 
rcfpcaing the tional Jfnftitute a memoir pn the temperature of the fee ; an io- 
tbefea.* . ‘ terefitog fubjeft, capable of being applied t<} r . various n&fbl 
purposes, and which has accordingly * engaged themtlention of 
a coafi durable jiumber of philosophical observers. Hh -gc* 
'neral fa&s are, 1. The mean temperature of tbefea at,its for- 
face i; corrrtnonly more elevated than that of the air. ,2. It is 
higher the nearer to the continents and large iflancj#. 3. At a 
diftance from the (bore in deep -(jets dhe water it csplder below 
than at its furfaco; and the more the greater the depth. All 
|‘the observations feem to (hew, that in the abyfles of tbe-ocean, 
as well as on the fummits of mountains, even under the equa- 
greet depths tor, eternal froft prevails. 4. A finally cold » flbferved in 
.*■ extenfive lakes, and even within the ea^th at great depths, but 

it appears to be lets fudden. 5. Thefe re fulls concur in proving, 
that the temperature within the earth is not -baery where the 
fame and equal to 9 as has been long thought (about 50® 
Xahr. whether this be centigrade or Reaumur’s fcaie.). 


1 / Spent Dil yf j/te Curriers. 

Concerning the^ , Ti>* probe (§ -Igf <wl«i?b |he curriers jmprc ghe i^RWIi 1 Amt is 
p!und< ufed" To v* bjf'fffcwii* U»e qil up©« ftw. n»<P w*wb it p«oe- 

currying leather,, Jti^tes as the $ o$tufe evaporates. A pure oil could IHH perhaps 

bo 
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be thus fpread, and moft probably woaid not enter (he Ikin 
with thedefired etfeft, or render it as fupple as that oil which 
from experience they arc led to prefer. 

The celebrated Segu in has directed his attention to this in* 
gredient of Inch extenfive manufa&oring utility. He remarks, ’ 
that this material (by die name of Degras) is of two kinds in 
France; ~iz. the common fort and that of Niort. The firft is 
the immediate product of the chamoying of tkins, which are 
cleared of their fnrplus oil by folution of potato. It therefore 
contains not only foap, hut likewife gelatine. It is evaporated 
to drynefs and then fold as Degras . At Niort it is decompofed 
by fulphuric acid, and the precipitate is called the Degras of 
that (own. 

Mr. Seguin finds by analyfis, that thislaft is oxigenated oil, 
whereas the other is a compound of foap and gelatine. He 
fucceeded in giving to whale oil all the properties of the 
Degras of Niort, by boiling one pound for a few minutes with 
half an ounce of nitric acid at 25 degrees. He obferved that 
do gas it d ifen gaged in this operation ; but that waterand ni* 
trate of ammonia mm formed ; and he concludes that the oil was 
oxigertoted; not by.abiorbipg the oxigen of the acid, but by 
yielding Ao it part of the hidrogen which was one of it^ own com* 
ponent parts. The refult is the more intcrefting, as the Degratof 
Niort being much more efteemed than the common fort, the 
curriers may hereafter, indead of paying a great price for it, 
make it in . as large quantities as they pleal'e by following the 
procefs bare indicated. 


Note rcjpoCHng the Decompofition of Sulphate of Lead by the 
Muriatic Acid . By M. Dbscotils *. 

If the fiilpbote of lead be treated with muriatic acid rather Sulphate of M 
concentred, that, nictallic fait is totally diflolved, provided i 1 by 
the proportion of. acid be rather in excels. This, folution re* Muriate offaiA 1 
quires heat to effe& it. Up on c ooling, the muriate of lead ;**!>*?■■*• by 
cryflallizes in great quantity; and it is much morq fpeed i ly XTfoiSle 
obtained by the addition of a (malt quantity of cold water, water, a*d may 
If tip fupernafcwt fluid be fepwaled fron$ the cqflalli^4 MphJ” 

. .acid* 

• 4 - - * • * * ’ 

»pr^ 


* Sec. Philom. No, V6. 
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poftbfo ap4 l^vf, f9^ ) il.,(^Jb# t faJ- 
S»M«i9..i^ul:WOT|d pot indicate % .The 

AtfiaKW* U.pnptbef ipfteqes;., V Vi 
Jaeated with nitric acid and (alpha to of lcadt)m«fpt)9qd»iM* s 
W .propjd be dfcoeigofed by the, mpr ialje «1 (fm pcjd 

he e/aplpied to ukp pp (be, <wdeof (MjijpfPla.pnd 
the mpriato of lepd proujd retnaip. diffobrpd , after. £9 ftdd p ion 
of wajer. ■ If carew^eqat takpn -to .ejpynin^^t/itypfed 
liquor, a lofs would be experienced which ftyrquldjta difficult 
.fc^toCpt^fpr. . -. .. .. , ,. t .„. 3 „T 

w p > u | jh a rm 1 wolod ] . 
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” 1 BxtrttA rf a Letter from Napktl 

- *' ‘ 7 i r \i *' u ' * ' ' • - * 1 ’*-»») >HKIt l)fl JL 

Jfc< — ntof th* 4i ^ Xeiterdaj at ten o’clock at night, th^ erj^plw 
jfriuilffifiil y*^ ^ which the earthquake feemed.to bp t^e/pi[«r|ii>)Der # 
m. tpqk pU9©. VV* were going to viflt the crater qrief 

,of tfujjp^ople ayd a volume of flame the 

volcano had opened. The lava precipitate^ j^e^ ip three 
fecondt from the laft peak ot* the mountain and tooka aice^tion 
■ toward* the valley, filuated between Torre del Gr^PO and 
* Tom del I’Anmlnziata, two towns on the fea ooa^j^yood 
Portipi, and feven or eight mile* from Naples* , , , 

We {a* off iipipedia^ely to fee ibip qypl.f^meiv- 

dlobs phehoipcpon nearer. From the pjace of^p^j^srture. 


mm 

could be feen, I contemplated the cafcades of flame pouring 
""fom the top of the mountain, and (Uuddered at feeing an 
unmenfe torrent of fire ravage the fined fields, overthrow 
»nd deftroy in n fiat* minutes the hopes and refources 
j^4|;|pdrai families. 

A line 
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A line of fire marked the profile of the mountain : a cloud Account of the 
of (moke, which feemed to fend forth from time to time flafhes Moun^Yefa- 0 
of lightning, hung over the feene, and the moon appeared to 
be pale : Nothing can adequately deferibe the grandeur of the 
feene, or give an accurate idea of the hortror of it. As we 
approached the fpot ravaged by this river of hell, ruined in- 
habitants having quitted their houfes — deflated families trying 
to fa ve their furniture and provifions, laft and feeble refource 
— an immenfe croud of curious fpedtators, retreating ftep by 
Hep from the advancing lava, and t edifying by extraordinary- 
cries their' wonder, fear, and pity — the frightful bellowing of 
the mountain, the frequent explofions which burft from the 
bottom of the torrent, the crackling of the trees devoured by 
the flames, the noife of the walls falling, and the lugubrious 
found of a bell, which the religious of the Camaldules, ifolated 
on a little hill and furrounded by two torrents of fire, rang in 
their diftrefs. Such are the details of the frightful feene to 
which I was witnefs. 

The moment we arrived the lava was eroding the great 
road below Torre del Greco. To fee it better we got into a 
beautiful houfe on the road fide — from the terrace we faw the 
fire at no more than fifteen paces from us — in a minute we de- 
fended, and twenty minutes afterwards there remained of the 
houfe but three large walls, I approached as near as the heat 
and flow of the current would permit me, I attempted at dif- 
ferent times to burn the end of my handkerchief in it— I could 
only do it by tying it to my cane. The lava does not run in 
liquid waves ; it refembles an immenfe quantity of coals on 
fire, which an invincible ftrength had heaped up and puthed 
on with violence. When it met with a wall, it collected to the 
height of feven or ten feet, burnt it, and overthrew it at once. 

I faw fome walls get red hot, like iron, and melt, if I may ufe 
the expreflion, into the lava. In its greateft fpeed and on 
an horizontal road, I reckoned that the torrent travelled at the 
rate of eighteen inches a minute. Its fmel! refembled that of 
iron red hot. 

Morning Chronicle 9 
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JppUcttiwe Gompgft fir taking fearing? on a Chert* 

•i. r $0+tLQx,J?fy..tfihc Rnyei Aayy. ! 

Compafrfor This inftrument, feen in /?£. 6, Plate XT. confifts of an 

taking bearings^ ; nncr anc j outer brafs concentric circle; the latter of Which, 

m j| chart* 

when in ufe, is to be applied to a chart, fo that its cardinal 
points may agree with thofe of the draft, and its central (me- 
tallic) point be dire&Iy over the (hip's place. The inner circle 
is to be fet to the variation ; and the thread from the center 
being laid, will fliew' either bearings by compafs, or true 
bearings, according to the circle upon which they are read. It 
is obvious alfo, that the inflrument may be ufcd in delineating* 
plotting, and for various other ufeful purpofes. 
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ARTICLE I. 

•On the Divifion of an Arch of it Circle into two Jiich Parts, that 
their Sines, or Cofines, or Verfed-Sines, Jhall have a given Re- 
lotion. In a Letter from John Gough, £/g. 

* To Mr. NICHOLSON. 

SIR, 

Being at prefent on a vifit to my friend Michael Fryer, introductory 
teacher of the mathematics at this place, I have availed myfelf lcttfr# 
of the opportunity to confult his very extenfive mathema- 
- tical library, With a view to difcover how fsfr the following 
theorems and problems are original ; thinking it poflible, at 
•lead, that (irailar proportions might be met with in the works 
of the early geometricians, particularly in the tra&s on An- 
gular Sections, by Vieta, Oughtred, Wallis, and others, which 
I had never before been able to meet with ; but I have found 
only one of them to have been already treated, of which no- 
tice (hall be taken in its proper place : neverthelefs, it is not 
improbable but that fjmtlar theorems and problems are Scattered 
•op and down in the different works on geometry, at prefent in 
exigence : As this eflay, however, may claim the merit of 
Vol. XII. — December, 1805 . Q ex* 
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DIVISION OF X CIRCLE. 

exhibiting them in one view, and, which is equally defirable, 
of deriving them from a general principle, I have ventured to 
offer it for inferlkm in your Journal. 

JOHN GOUGH. 

Rcctk, near Richmond , Yorkjhire, 

Angufi 28. v . 

j . PROPOSITION It JhRQREM. 

Divifioa of an Let A F be the arch of a circle, ( See Fig. I , PI. XII.) A P 
TMt to yuth a A* FP a perpendicular to A P, then A P is 

having their * equal to the fine of A F ; F P, the part of the perpendicular 
,£i>es, or cofines, intercepted by the tangeot and the point F in the arch, is 
given ntjo. equal to its verfed fine ; and the fame line, P M, intercepted 
again by the circle in M, is equal to the verfed fine of its fup- 
plemeot. 

Demon fir atim. 

Draw the diameter AK, and the fine F*S perpendicular 
thereto ; alfo from the center O, draw O L at right angles to 
PM; then, fince PA touches the circle in A t PAK is a 
eight angle, (Euc. 16. iij.) AUb, the angles ASF, 

JNe right, by conftru&ion; therefore ASFP is a parallelo- 
gram, the oppofite fides of which are equal, namely, AP = 
the fine S F, and P F = the verfed fine A S, (Euc. 34. i.) 

Again, fince O L is perpendicular to P M, it is parallel to 
AP and SF, therefore PL = AO, or OK; and FL = 
SO, (Euc. 34. 1.) — But FLsLM, (Euc. 3. III.) Con- 
sequently PM = SK, or the verfed fine of the fupplement 
AF. Q. E.D. 

Proposition II. Theorem. 

If AF B be an arch of a circle, (See Fig . 2.) and A P, B.R, 
be tangents at A and B, from any point, F, in the circum- 
ference, drawFP, F R, perpendicular to the two tangents, 
and F Q alfo perpendic ular to the chord A B, then will the 
’redangle PF x FR «~F Ql* ; and the redangles AP x 
B R, and A Q x Q B, will alfo be equal. 

Demonfiratiqn. 

John A F, F B, and the triangles P F. A> Q F B, are equi- 
angular, becaufe they are righUangled at P and Q, by con- 
Aru&ion ; and the angles P AF, QBF, are cqtfal, (Euc. 
92. III.) 

Jherefore, 
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Therefore, as A F > F B : : P F : F Q. DWifioaof an 

Alfo, the triangles Q F A, R F JB, aw equiangular, Jp r ihe £££]££ 
£une reafons. % havmgtheir 

Therefore, asAF:FB::FQ:FR. fiwijor tofines* 

Consequently, as P F : F Q : : F Q : F R, (Euc. 1 1* VO^SSS * 
And P F x F R ="fQK (Eoc. 1 *. VI.) 

Q. E. 1° D. 

Again, by the fame triangles, as F A : FB : : A P : B Q, 
and asFA:FB::AQ*BR; 
hence, as A P : B Q : : A Q : B R, 

Whence APx B R = B Q x A.Q; 

Q. E, 2 a D. 

Corel . 1 . Produce the perpendicular F Q till it meets the 
circumference again in G, and PA x RB = FQ x QG : 

For PAx RB = AQ x QB by the proportion; but 
AQ x QB = FQ x QG, (Euc.35. III.) 

Cord. 2. If the lines P F, RF, meet the circle again in M 
and N, then will PM x RN = Q G\ 2 : 

For~AP\* = FPx PM, andT®* = FR x RN, (by 
Enc. 36. III.) 

Therefore, asXPl 1 : FP x PM::FRx RNiTrI 1 ; 

BotXPl* :FQxQG::FQx<lO :"brK 
by Corol. 1 . 

And P F : F Q : : F Q : F R, by the proportion. 

Therefore, 

PFxPM:FQxPM::FQxRN:FRx£N. 

Hencje, 

FQ x QG : FQ x PM : ; FQ x RN:FQx QG. 

Confequently, PM x RN =Tqg} 4 . 

Corol. 3. Draw the diameters A K, B D, and make F S, v 
F T perpendicular to A K, BD; then A K x B T (the reft- 
angle of the verfed fines) = F Q)* ; SFx FT (the red- 
angle of the fines) = A Q x QB; and S K x T D (the 
redangle of the fupplementary verfed fines) = Q G)*, Thcfe 
things follow from Props. I. and II. 

Proposition III. Problem, 

To divide a given arch of a circle (A B) into two parts (A F, 

FB), fo that the redangle of their veiled fines (AS, BT) 
may be equal to a given magnitude, or fquare, (m x m). 

Q 2 Conjtru&ion . 
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, r Conjtru&ion. 

Bjvifion of an From any point, Y, in the right line A B, draw Y\V stf 

right angles to the fame, making it equal to the given right 

^^ing their** Jine m $ through W, parallel to Y B, draw WF, and let it cut 

fines, orcofines* the arch A B in F, then will A F, F B, be the required arches, 
or v. fine*, in a 1 

Eiven ratio* Detnonftration . 


Draw FQ perpendicular to YB, then FQ* = WY 4 = 
m x m 5 by Confh and Euc. 34*. I. ; but the redangle of the 
verfed fines of A F and F B = F Q)\ (by Cor. 3. Prop. II.) ; 
therefore this rectangle is equal to m x m, the given fquare* 
Q. E. D. 

Proposition IV. Problem. 


To divide A F B, a given arch of a circle, (See Fig . 3.) into 
two parts, A F, F B, fo that the redangle of their fines may 
be equal to a given fquare, ( n x n) ? 


Conftruftion . 

To make the conftrudion general, let A F B be greater 
than a femicircle, join A B, and in it take Q, making A Q 
: x Q B = n x n ; alfo in A B produced take q, fo as to make 
.A^x qB —n x n; draw Q F t qfg , perpendicular to A B ; 

then will A F, F B, or A g, g B, or A/, /B, be the required 
.arches. 

Demonfiration . 

' ' This is evident from Cor. 3. Prop. II. and the conftrudion. 

To find the limits , bifed A B in Z, draw alfo the radius 
O-N parallel to ZB, and make NE perpendicular to A B 
produced ; then, if n x n be greater than A Z x Z B, F is 
an imaginary point, becaufe A Q x Q B cannot exceed A Z 
X Z B, by Euc. 5. II. Again, if n x n be greater than A E 
. X E B, the points /, g , are imaginary, becaufe A q x q B 
, cannot exceed A E x E B, feeing E N touches the circle in 
N, and is parallel to qg: Thefe things being premifed, it 
' wil * be eafily perceived, that when A F B is Ids than a ferai- 
circle, it can only be divided in one point to anfwer the con- 
ditions of the queftion, 1 becaufe the pomt N will be in the op- 
pofite fegment; but when it exceeds a femicircle, it will ad- 
mit of being divided in one, two, or three points, according 
to circumfiances, or even the confirudion may prove impof- 
fible. Q. E. D. 

Scholium 
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Scholium. 

This problem is conflrudted at page 342 of the Appendix to 
Simplon’s Algebra, 2d Edition ; and at page 1 40 of bis Select ; Bt# two pyt>, 
Exercifes, lft Edition; but the conftrudions given by lhat ^ g 0 ^ ne . 
able geometrician do not fhew the various limits of the que - ^ T# fines, in • 
lion with that degree of perfpicuity which appears in the pre- given ratio* 
fent method. 

Lemma* 

Let A B C D be a fquare, (Sec Fig. 4.) from any two ad- 
jacent fides of which, C B, CD, take the fegments T C, 

C S, then will the redtangle of the remaining fegments BT 

X SD = BCl* + TC x CS-BC xCT-BC x CS. 


Demonflration . 


Draw S G, T H, parallel to B C, C D, and let them inter- 
fed in F ; — 

Then the redangle FTCS = TC x CS, 
and the redangle FHAG = BT x SD, 

But FHAG + GBCS + HFSD = the fquare A BC D; 


(Euc. I. II.) ^ FTC s t<> both> 

Then FHAG +GBC S + TCDH = ABC D.+ FTGS* 
But CD is equal to B C, 

Therefore FHAG = ABCD + FTC S — B C x CT- 


B C x C S • 

That is, BTxSD = BcV+TC x CS-BC xCT- 
B C x C S. Q. E. D. 


Proposition V. Problem. 

To divide A F B, a given arch of a circle, (Set Fig. 5.) 
into two parts, AF, and FB; to that the Wangle of theit 
cofines may be equal to a given fquare, k x k t 

Conjlru&ioiu 

Join A B, and from the center, O, diraw O Z perpendi- 
cular to A B ; in Z O take Z V equal to the given line, k, 
and join B V ; draw the diameter, H A, para llel to A B, and 
divide it in I fo as to make H I X I A = B V) a ; from I draw 
IQ perpendicular to A B, and when produced let it meet the 
glveu arch in F j then wiU A F, F B, be the required arches. 

Demonflration * 
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Demortjkaii&n. 

DIvifio*«f«a Let F i praet the, cirde sgaii* in G* the diameters 
SSlTSj- AABD,w4lh e .fi^F s . F.T.; , ' 

having titeir ^ Th^nthe cofioe O S = O, A — ■ A S, 

and the cofine OT=?OB— BT = QA — BT; 
(irenn^ Hence S O x OT = A^ 1 + A S x B T - A O x A S — 
AOx BT; 

But AS x BT = FQ) 1 , by Prop. II. 

Therefore, 

SO X QT = A Q] * +Tq\* - A O X A S - A O X B T. 

- Again, KS = 2AO — AS, 
and D T = 2, A O - B T ; 

Hence, K S x D T = * aT 5V + ASx'BT — 2 AOx 
AS-JAO xBTj 

Bat KS xDT- QQ) 1 , by Cor. 3. Prop. H. 
Theref ore, 

*' A 6\* +?Q)^ - 2AOxAS - 2 A q X B T == Q"ciy ; 
Hence, AO x A S -f. AOx BT= ?A^* -f£Si! — 

Bui SOxOT = AO 2 + FQ* - AOxAS-AOxBT 


FQ* , QG* 

. flP» -f. ^ i .. . 

2 ^ 2 


-*aZ5)*. 


FQ = FI— IQ = BP— OZ, 
and GQ = GI + I^=B V+ OZ; 

He®. ES1 + 23: -fVf + 021-, 

Confeque nlly, S O x O T — BV| * - f O 2^ * - AO ]» , 

But aoI* -1)2'* — b &,* -"ozl* rfizl* ; 

Therefore 6 O x OTzzfBV^ - B~7 ) 2 — Vz\ », 
(Fee. *7.1.) r= A x A, by ceeBmdion. Q. E. D. 

Limitation, — If Z V be greater than Z O, B V will be 
greater than BO; »'. c. F G will be greater than H h, which 
is impoffible, Euc. 15. III. therefore Z V, or A, cannot ex- 
ceed ZO. 


Proposition VI. PaonigM. 

To fiivkfc AT B, a giten arch of a circle, (S«t Fig. 6.) 
into two part*, fo tltat the fum of their verfed fines may bo 
etjnol toe given right Uno, a f 

Conftruftion, 


y 
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Conjlru&ion. 

Drew- radie. AO, end -by. BE , 

a I.H* f *7 b e';;v ” »“tv r®SJ.iS5S£; 

to AO, let it meet B E in > PR Ibfe*, or ccifinef# 

E V I and let it cut the given arch in F s then will At, ft ^ y# la * 

be the required arches. * at> * 

Demonftration, 

Draw the tangent AG, wlfich is parallel to I V. atfom^e 
FP.FR perpendicular to AG, BE, and let ? F produced 

^fince AG. IV, are parallels and the angleHP A / 
is right, F H V is alfo a right angle, (by Euc.29 I.) 
fore it \l equal to the angle F R V, (by conftrua.on.) 

But rh.lrgle. RVF, H Vf 

tiod); confequently the triangles RF , ’ fi . 

ZX; Jrh./h... one fide 

V F . therefore F R = F H. (Fee. ■>. VI. end P F -F F E 
— P H — A I (Euc. S4. I.) == «, (by conftrufition.J 
“If, to fern of rhe eerfed free, .f AF. FB, » 

j» F + FR, (by Prop. I.) therefore this fum ts equal to the 

given line, a. Q- E- D. ^ ^ ^ ^ fine of ^ 

J5TS: A B, the point F will ej«y^n the «pp<, 

„e rep.ee., i. A O B. 

, A *£ o" o ” h « »*" A ° B “ d " ’* 

draw the radiqs uv., VF . therefore LC, a tangent 

tr'c'taltapSlel'roVFi coefcqeend, if A 1 be ft. tehee. 

V 2» lie ie B L produced, lb. eoefiroaro. wifi .Kobe 

impoifible; which will toef.re b.ppen when .» left rhe. 

Corot, sin of tl)e diameter and the fum of 

t cZT. iHhe latter fum be given the problem may be 

ponftruaed by the laft propofition. 

Proposition VII. Pkoblem. 

T divide A F B, a given arch of a circle, (Fig. 7 >) ' nlQ 
tJpans'fothat 'the fum of their fines may be equable . 

given right line, wt C< mj»mSwtu 
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Conjtrv&ion. 

Dirifito of aa Draw file radii AO, OB, and Che tangents AG, BE, rm 

^ a C “*J* which take A S, B T, each equal to the half of w; drawr 

vud two pinif w i 

Juringibtir S T N, parallel to AO, OB; and through iheir inter- 
or7* fines^** ^' orir N» draw N F, parallel to ST, to meet the arch ia 
fiveo ratio? then A F, F B, are the parts required. 

Demonftration. 

Draw F K, F M, parallel to NS, NT, and let them meet 
S T in K, M, and A G, B E, in P, R ; then it is eafily 
proved that the triangles KFM, S NT, are equal and 
fimilar, and that KM~ST; confequently S K ~ T M. 

Bqi the angles KPS, M R T, are right, being equal to 
the angles O A G, O B E, by conftru&ion ; and the angles 
JC S P, M T R, are equal ; therefore the triangles PS K, 
RTM, are equiangular, they are therefore equal, (Euc. 4. 
VI.) becaufe SKz TM; confequently S P “ R T ; there- 
fore AP + BRzrAS + BTz:ai. 

But the fmn of the fines of AF, FB“AP + BR; this 
fum is therefore equal to w. 

nmitQ/Uon.'*—]om A B, which will be parallel to S F, alfb 
let , radius O C bifed the angle A O B, when properly 
produced, or not, it will pafs through the point N. Now if 
N bq in O C produced, N F, being parallel to ST, or AB, 
will not mqet the circle ; on the other hand, if N lie be- 
tween Q and A B, F will be in the oppofile fegment of the 
circle, confequently the conftruQion is impoflible, unlefs N 
fall between C and the line A B, or in the verfed fine of 
half the given arch : Thefe things being premifod, if will be 
eafiiy perceived that the fine of the arch A F B is the lefs 
limit of the problem, and twice the fine of A C its greater 
KwA. 


Concerning 
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Concerning the State in which the true Sap of Tren is depofited ** ^ 

during W inter. By Thomas Andrew Knight, Efq** 

It is well known that the fluid, generally called the Tap in The common 

trees, afeends in the fpring and fummer from their roots, ^ing^nd fum- 

and that in the autumn and winter it is not, in'any confider- mer, but not Us 

able quantity, found in them ; and I have obferved in a former w,atcr# 

paper, that this fluid rifes wholly through the alburnum, or 

fa p- wood. But Du Hamel and fubfequent naturalifts have 

proved, that trees contain another kind of fap, which they 

have called the true, or peculiar juice, or fap of the plant. True or peculiar 

Whence this fluid originates does not appear to have been fa P : 

agreed by naturalifls ; but I have offered fome facts to prove 

that it is generated by the leaf f ; and that R differs from the 

common aqueous fap owing to changes it has undergone in its 

circulation through that organ : and I have contended that from 

this fluid (which Du Hamel has called the fuc propre , and 

which I will call the true fap,) the whole fubflance, which h 

annually added to the tree, is derived. I (hall endeavour in exifts in the 

the prefent paper to prove that this fluid, in an infpiflafed J^^ nter , 

Bate, or fome concrete matter depofited by it, exifts during Its fobfequent 

the winter in the alburnum, and that from this fluid, or fub- 

pointed out* 

fiance, diflolved in the afeending aqueous fap, is derived the 
matter which enters into the compofition of the new leaves in 
the fpring, and thus furnifhes thofe organs, which were not 
wanted during the winter, but which are elfential to the 
further progrels of vegetation. 

Few perfons at all converfant with timber are ignorant, that That winter or 
the alburnum, or fap-wood of trees, which are felled in the autumn felled 
autumn or winter, is much fuperior in quality to that of other more 

trees of the fame fpecies, which are futfered to (land till the firm, Sc c. 
fpring, or fummer : it is at once more firm and tenacious in 
its texture, and more durable. This fuperiority in winter* commonly *t- 
felled wood has been generally attributed to the abfence of the Sfeaw 5 the 
fap at that feafon ; but the appearance and qualities of the ftp x 

* See Phil. Tranf. of 1801, page 336. 

+ Philof. Tranf. 1803, p. 88. 

wood 
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wood feem more juftly to warrant the correlation, that tome 
—but probably fubftance has been added to, indead df taken from it, and 
to its pre cncc. man y circum dances induced me to fufpe^t that this fobftance 
is generated, and depofiled within it, in the preceding Cummer 
and autumn. 

Full grown Du Hamel has remarked, and is evidently puizted With the 

wft S ^UMy, c * rcum ^ ncc# l * ial (rccs P er ^P lpe n ^ Fe in morntrof Auguff, 
when the leaves are fill grown, and when the annual (hoots 
have cea fed to elongate, than at any earlier period j orfd we 
cannot fuppofe the powers of vegetation to be thus'adively 
employed, but in the execution of feme very important opera- 
*— at this tion. Bulbous and tuberous roots are almoft wholly generated 
getartfvcpovwi a ^ cf l ^ e ^ caves an£ ^ to®*' of the plants, W which they belong, 
appear to be-om. have attained their full growth; and l have contianlly found, 
c!elfing”he* * n m ' V P ra ^‘ c,e as a ^ armer » that the produce of my meadows has 
growth of the been immenfely increafed when the herbage of the preceding 
vegetable. year remained to perform its propel office till the end of 
the autumn, on ground which had been mowed early in the 
furnmCr. Whence I have been led to imagine, that the leaves, 
both of trees and herbaceous plants are alike employed, during 
the latter part of the fummer, in the preparation of matter 
calculated to afford food to the expanding buda and blofloms 
of the facceediog fpring, and to enter into the competition of 
new organs of alii mila tion. 

If this be the If the preceding hypothefis be well founded, we may expeQ 
te^feun^that *° *^at ^ ome change gradually take place in tho 
the aqueous ftp qualities of the aqueous fap of trees during its ofeent in the 

inuft be altered fpring; and that any given portion of winter-felled wood will 

m its afeent ; , \ “V. .. rr ve 

and the winter at tae fame time poffels a greater degree of fpecinc gravity, 

bcdaifc 00 ^ an( * a ^ ar ^ er quantity of extra&ive matter, lima the fame 

r * quantity of wood which has been felled in the fprihg or in the 

early part of the fummer. To afeertain thefe points I made 
. (he experiments, an account of which I have new the honour 

to lay before ybu. 

Experiments. As early ih the la ft fpring as the fap had rtfen in the (yea- 

Birch and fyea- more an< j i ma( Je incifions fnto lhe flunks of tbofe 

more in fpring 

gave fap mnft trees, fome clofe to (he ground, and others at the elevation of 
Attorn* "but ^ ^ even f eet * anc * I readily obtained ffdm each incifion as much 
denfer wid more fap as I wanted. Afcertaining the fpecific gravity of the fop 
faccharine the G f each tree, obtained at tHfe (ftffeifeht elevations, I found (bat 
«g cr up. t j ie 0 f |j ie fycamore with my little Variation, in dif, 

1 * ferent 
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ferept trees, to be 1 .004 when ex traded dole to the ground, 
and 1.008 at the height of feven "feet. The fap of the birch 
was feme what lighter; but the iucreafe of its fpecific gravity f 
at greater elevation, was comparatively the fame. When ex- 
tracted near the ground the lap of both kinds was almoft frets 
from tafte; but when obtained at a greater height, it was 
fendbly fweet. The fhortnefs of the trunks of the fycamore 
trees, which were the fubjeds of my experiments, did not 
permit me to extra# the fap at a greater elevation than feven 
feet, except in one ioftance, and in that, at twelve feet from 
the ground, I obtained a very fweet fluid, whofe fpecific gra- 
vity was 1.012. 

I conceived it probable, that if the fap in the preceding cafe* The fip fixft 
derived any cotiflderable portion of its increafed fpecific gra- 
vity from matter previoufly exifting in the alburnum, I fliould thews that its 
find fprae diminution of its weight, when it had continued to ^ 

flow fome d$ys from the fame incifion, becaufe the alburnum in matter in the 
the vicinity of that incifion would, under fuch ci rcum fiances, alburnum, 
have become in fome degree exhaufled : and on comparing 
tfie fpecific gravity of the fap which had flowed from a recent 
and an old incifion, I found that from the old to be reduced t<^ 

1.002, and that fr.om the recent one to remain 1.00+, as in the 
preceding cafes, the incifion being made clofe to the ground. 

Wherever ext rafted, whether clofe to the ground, or at fome 
didance from it, the fap always appeared to contain a large 
portion of air. 

In the experiments to difeover the variation in the fpecific It Is difficult to 

gravity of the alburnum of trees at different feafons, fome ““f estpe £* 

1 1 % i * « j ' menu on tbc 

obltacles to the attainment of any very accurate remits pre- denfity or fp. 

fented thexnfelves. The wood of different trees of the fame 
fpecies, and growing in the fame foil, or that taken from 
different parts of the fame tree, poffefles different degrees of 
fo^idity ; and the weight of every part of the alburnum ap- 
pears to increafe with its age, the external layers being the 
lighted . The folidity of wood varies alfo with the greater or 
lefs rapidity of its growth. Thefe fources of error might ap- 
parently have been avoided by cutting off, at different feafons, 
portions of the fame trunk or branch: but the wound thus 
made might, in fome degree, have impeded the due progrefs 
of die fap in its a (cent* and the pftrt below might have been 
rode heavier by the Aagiiation of the fap, and that abovi 

lighter 
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By ^ ks proper ^alNtU^ (if. ootrimeoti The 

inanoakcoppi^ 11 ? 0 ^ eligible method therefore, which occurred totne» was to 
in whiter iiSr ; ftlefb amF maffr ta‘ tbai wibfer Tortje of the poles, of an oak 
paring ’dhenk. : u ” fc&Ppicfc# whdfe all are of eipiaf oge;t and wbece^many* of the 
v feme; fijsei and growing wftlv equtd vigour,* faring &om the 
flinie ftool.’ dnebalf of the poles arhich l marked, apd num- 
bered were cut On the Si /l Of December, Jj 803, and the 
remainder on the 15th of the following May, when the leaves 
were nearly half grown. Proper marks were pottodiftioguifti 
the winter-felled from the fummer-feiied poles, the bark being 
left\>n all, and all being placed in the fame fituatioo to dry. 
The winter In the beginning bf Auguft I cut off nearly equal portions 
denfeft^er^ a w * nter ^ nc * fummer-felled pole,* which had butte grown 
fcafoning, on the fame ftool; and both portions were then pui in a 
frtuation, where, during the feven fucceeding weeks, they 
'were kept very warm by a fire. The fu miner-felled wihkI was 
*when put to dry, the mod heavy ; but it evidently contained 
Iriuch more water than the other, and, partly at lead, from 
this caufe, it contracted much more in drying. In thq begin- 
ning* of October both kinds appeared to be perfe&Iy dry, and 
4 I then afeertained the fpecific gravity of the w intern-felled 
' wbod to be 0.679, and that of the fummer-felled wood to be 
©.609; after each had been immerfed five minutes in water. 

— byname that This difference of ten per cent . was con fide tably more than 
ua per cent. „ j had an 4j c jp a ted, and it was not till I had fufpended and taken 
Off from the balance each portion, at lead ten times, that I 
ceafed to believe that fome error had bocurred in the experi- 
r ment: and indeed I was not at lad fatisfied till I had afeertained 
by means of compares adapted to the meafurement of folids, 

: that the winter-felled pieces of wood were much lefs than the 
' others which they equalled in weight. 

The difference The pieces of wood, which had been the fubje&s of tbefe 
^ experiments, were agqin put to dry* with other pieces of the 
newly formed Taft 3 poles, and I yederday afeertained the fpecific gravity of 
layers of mah* both with fc^rcejy any variation in the refiUt. But when I 
ofiikled the medulla, and parts adjacent to it, > and ufed the 
layers of 1 wood which had been moce recently formed, I found 
the fpecific gravity of the winter-felled wood to be only 0.583, 

• and that of . the fummerrfeliad to be 0.533; and trying the 
ferae experiment with fioailar pieces of wood, but taken from 

poles 
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poles which had grown on a different (fool, fhe fpecific gravity 
of the vvinter4eUed wt>oi J i^s (>^^8,and ^ 

felled 0.5S4.J . , > , j t (li ... , -V, t } , 

It is evident jri&t the whole of the preceding, difference fo 7!fe winter 
the fpecific gravity 6f dhp wiefor and ,for&mer#rfe|led 
might huvp arifen from a greater degree of ©oqtrqflipo, in U)f two of extra#, 
former kind, whtHl drying; I therefore proceeded to afcerfafo 
whether any given portion of if, by weight, , .would ©ffor d§ 
greater quantity of extrafUvc matLer, whe© fteepedi© water. 

Having therefore reduced to fmatl fragments 1000 grain* ftf 
each kind, I poured on each, portion fix. ounces of boilujig 
water ; and at the end of twenty-four hours* when tire ten)** 
perature of the water had funk to QO 9 , 1 found that the winder- 
felled wood had communicated a much deeper colour to the 
water in which it had been infufed, and had reifed its fpecific 
gravity to 1.002. The fpecific gravity ©f the water in which 
the fumraer- felled wood bad, in the fame manner, been infufed 
was 1.001, The wood in all the preceding cafes was taken 
from the upper parts of the poles, about eight feet from tfip 
ground. * 

Having obferved, in the preceding experiments, that the fop Probability that 
of the fycamore became fpecifically lighter when it had qoip ^ 

tinued to flow during feveral days from the fame inciftoiv I i c fs by the Waves 
concluded that the alburnum in the vicinity of fuch incifionhad an<i tboocs. 
been deprived of a larger portion of its concrete or infpiffated ; - 

fap than in other parts of the fame tree : and I therefore fuf- 
pe&ed that I thoold find fimilar effects to have been produced 
by the young annual Ihoots and leaves ; and that any given 
weight of the alburnum in their vicinity would be found to con- 
tain lefs extractive matter than an equal portion taken from 
the lower parts of the fame pole, where no annual (hooUor 
leaves had been produced. 

No information could in this cafe be derived from the dif- Expeifawnt 
Terence in the fpecific gravity of the wood; becaufe t ho Tub- 
fiance of every tree is mod deofeand fojid iu Ah© lower parts portion of u« 
of its trunk; and I could oo this account judge only from the *** 

quantity of extraftiv© maUer which equal portions of the two 
kind* of wood would afford. Having therefor© reduced, (to 
pieces feveral equal portions of wood taken ^ from ^iifonent 
parts of the fame poles, tvhsch bad been foiled in May, I, poured 
<jn each portion an equal quantity of boiling water# which I 

fufl'ered 
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fuSered to remain twenty hours, asm, She- preceding experi- 
ments ; and I then found that fnforaejnftapces>4ha wood from 
the lower, and in the other* that ffo*» the upper paYfs of the 
poles, had given to the water the deepeft colour and granted de- 
’ n f • gree of fpecific gravity ; bat that all had afforded auoh -extrac- 
tive matter, though in every infhmce the quantity yiqj^ed was 
moch left than I had, in all cafe*, found in fimilar inftifions of 
winter-felled wood. 

Hence many It appears, therefore, that the rcfervoir of matter depot! ted 
tr ffionof e ieaveT * n ^ alburnara is not wholly exhaufted in the fucceeding 
and buds. rpring: and hence we are able to account for the federal fuc- 
Cellious of leaves and buds which trees are capable qf producing 
* when thofe previoufly protruded have been dqftroyed by 
infeAs, or other coufes ; and for the extremely luxuriant (hoots, 
which often fpring from the trunks of trees, whole branches 
have been long in a ftate of decay. , 

^l»e j a I have alfo fome reafons to believe that the matter depofited 
thaalborauaa in the alburnum remains unemployed in fome cafes during 
a&fxfo’fcvecil f ever *l fucceffive years: it does not appear probable that it 
je*rs. can be all employed by trees which, after having been trans- 

planted, produce very few leaves, or by thofp which produce 
‘neither blpftbms nor fruit. In making experiments in 1802, 
to ascertain the manner in which the buds of trees are repro- 
duced, I cut off in the winter all the branches of ^ very large 
old pear tree, at a fmall didance from the trunk; and I pared 
off, at the fame time, the whole of the lifejefe external bark. 
Inflames : in an The age of this tree, I have good reafon to believe, ibxnevebat 
oM pear tree, exceeded two centuries : its extremities were generally dead; 

and it afforded few leaves, and no fruit; and I had long ex- 
peAed every fucceffive year to terminate its exigence. After 
being deprived of its external bark, and of all iUbuds, no 
marks of vegetation appeared in the (ucceodiug^ fpring, or 
1 early part of the fummer; but in the beginning of July nu- 
merous buds penetrated through the barb in every part, many 
leaves of large (ize every where appeared, and in the autumn 
every part was covered with very vigorous (hoots, exceeding, 
in the aggregate, two feet in length. The number of leaves 
which, in this cafe, fprang at once from the trunk and 
branches appeared to me greatly tp exceed the whole of thofe, 
which the tree had born in the three preceding feafons ; and I 
' 5 0*0091 
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cannot believe tbit the tosttcr Which compofed fhefe bud* and 
leaves coaid have been whoHy prepared by the feeble vegeta- 
tion ar.dfeantyfbJiage bf the preceding yhar. 

But whether the fubfhtnoe which is found ht the alburnum it is ftrongly 
of wiMOr-foHdd treds, and which disappears in part in the l^matcercom- 
fpring artd eatriy pat*t of the furnmer, be geriefated in one or p 0 fa the leaf, 
in feveral 1 preceding years; there feem to be ftrong grounds 
of probability, that this fubftance enters into the competition 
of the leaf ; 1 for We have abundant rcafon to believe that this 
organ tethe principal agent of affimifrtion; and fcarcely arty 
thing chh be more contrary to severy conclufion we (hould 
draw^from analogical rCafonibg and companion of the vegetable 
with the animal economy, or in itfelf more improbable,' than 
that the fc&t; or Any othbr organ, (hould fingly prepare and 1 

aflimilate immediately from the crude aqueous fap, that matter 
which compofes itfelf. 

Ir has been contended * that the buds thernfdves contain It is . not likely 
the nutriment fteceffary for the minute unfolding leaves ; but 
trees poffbfo a power to reproduce their buds, and the matter rrr fr f. r 
neceffliry to form thefe buds aiuft evidently be derived from 
Ibme Other fan rce:* nor does it appear probable that the yourrig 
leaves Very' foon enter on this office: for the experiments 6f 
IngenhOhs'prove that their aftion on the air which forrourtds 
them is very effentially different from that of full grbwn 
leaves. H is true that buds in many inftances Will ifegetate, 
and produce trees, when a very fmall portion only of albtif- 
num remains attached to them; but the fir (V efforts bf k 

tation in fucb buds are much more feeble than, in ofhefs ?o * 
which a larger quantity of alburnum is attached, and therefore 
we have, in this cafe, no grounds to fuppofe ibat (he leaves 
derive tbOir firff nutriment from the crude fap. ' 

It is' atfb generally admitted, from the dxperimenfs of Seeds arc thus 
Bonnet and Du Hamel, which I have repeated with the fatrie 
refult, thatlifthte Cotyledons of the feed is depofited a quantify but from matter 
of nutriment for the bud; which every feed contains; afid deposited m the 
Chough ho 'veflels can be traced + which lead immediately y 
frpra the cotyledons to the bud Or plumula, it is not difficult to 
point out a more clrcuitbus paffage, which is perfedly firailar 
to t^t through* which I conceit the ftp to be carried from the 

: ■' J Thomfon’s Chcmiffry. ’ f Hcdvrig. 

leaves 
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leaves to tbe feuds, in the fubfequent growth of the tree; and 
1 Em in pofleffion of many fafts to 'prove that feedling trees, 
m tbe firft ftage of their exigence, depend entirely on the 
nutriment afforded by the cotyledons; and that they are 
greatly injured, and in many inftances killed, by being pat to 
vegetate in rich mould. 

(To be concluded in the Supplement .) 


III. 


On the Dcliqucfcence and EjjLorefcnccqf Solis. By C . L. C a d et.* 

Deliquefeence *AlL cheraifts are of the fame opinion relative to tbe caufe 
a^oewfioned^' 0 ^ the deliquescence or the efflorefcence of a fait. The at- 
the relative at- 7 tradion of the fait for the water contained in the atmofpbere 
t ?^nd > Yeadi C occa ^ ons ptan*meno», tbe attra&too of the atmok 

Olt for water, pheric air for the water of cryfiallizaiion of the fait caufes Ibe 
fecond. 

The difference This attraction has been found to vary in tbe di&reni faJtJ, 

twtweeo ooe tilt virbeiher deliquefcent or efflorefeent, to be ftronger in (ome 
ana another ha*... t r . , , , ° , r » 

been noticed, 'kinds, and more fpeedy to others; but no one has yet oblerved 

but not tbe v*^ whether it had any dependence on the confutation of the at- 
Sate°of the air, .mofpbere, tbe eledric ftate of tbe air, the quantity of caloric 
*c. it contained, if it was always the fame in any one frit, and if 

it regularly became weaker in proportion as fatutation ap- 
proached, neither have any tables been yet prepared, which 
might indicate the degree of deliquefcence, or of efflorefceoce 
of the different falls. 

Of the hypolhefes which could be made on thefe pheno- 
mena, the following Teemed mod probable. 

Ifrpothefea that The falls which deprived the air of its humidity ought to 
foouid'auwa* 115 * n r efped in proportion to the quantity of water which 
water in propor- the air held in folution or in fufpenfion. The greater the ho- 
°* the a * r > the more (hould the deliquefeent falts aug- 
ment in weight, fo that the degree of their weight fhould be 
conformable to the progrefs of the hygrometer. 

On the other hand atmofpheric preffure, which more or lefs 
oppofes evaporation, ought to have an influence on thefrtura- 


cated its pre- 
fence. 

Barometrical 
changes and 


* Journal de Phyfiquc, LX. 


tioq 


Digitized by 


Google 



ON SALTS. < 24 1 

fton of the falls, ilnoe it caufes the denfity of the air to vary; 
consequently there Ihouid be an agreement between the vari- 
ations of the barometer and the deliquefcence of falls. 

The variations of temperatures, by dilating, or by conden- — thermometri* 

, flng the inafs of the atmofphere, fliould alfo occafion changes thoutd alfo 
.7, . . r , r , . , , ' . . . - have their influ- 

111 the proportion of water abforbed by the tails, on which ac- cncc . 

. count it would be u fetid to obferve the thermometer. 

I thought moreover that one fait had not only more or lefs Deiiquefccnt 

attraction for the water contained in the air than another, but kits Aouldat- 
. . _ . . . ... . _ . tratr molt when 

that this attraction varied likewife in the lame fait in proportion i ea ft faturated. 

as it had loll or abforbed water. I hoped by thus comparing 
the deliquefcence and efflorefcence of falls with the date of 
the different meteorological inftruments, to obtain refults fuffi- 
ciently conftant to eftablifh a theory of deliquefcence or ef- 
florefcence. I hoped alfo to be able to ufe the falls themfelves 
as inftruments of meteorological obfervation ; but experience Experience did 
proved that reafoning apparently founded on the trueft theory 
frequently deceives expectation. It is neverthelefs necfcflary 
to attend to negative fafls, which fomciitnes areas ferviceable 
to fcience as thole of a pofitive nature. 

I did not find a tingle fait which feemed to have the leaf None of the fair* 
conformity with the ftate of the barometer, hygrometer, or oHojrwe^ht irv 
thermometer. On the fame day many falls increased confider- conformity to 
ably in weight, while others indicated a How progrefs. Some 
had but a fmali altra6lion, when the hygrometer (hewed a 
great degree of humidity, and were moft deliquefeent when 
the air feemed moft dry. Atmofpheric preflure never had the 
leaft agreement with the increafc of weight of a fait; and the 
thermometer having varied but half a degree during the courfc 
of the experiments, docs not furnidi any obfervation on the 
influence of temperature. It is therefore impoflible to explain 
by the meteorological changes any of the variations which I 
obferved.il> the deliquefcence, or the efflorefcence of falls. 

Fffiorejcent Salts . 

I weighed cxa&ly 288 grains of fufphate of foda, of, phof- 
phate of foda, aud of carbonate of foda, which three falls ate f a i rt) 
confidered as tITe moft eftiorefeent, and placed a dry phofphate and 

and airy fituation, after having carefully dried the capfules*jj^^ t€<rf ^ 
which contained them. I put alfo ju.the fame placean hygro- ' 
meter, a barometer, and a thermometer: the three fatts (hewed 
the following refults. * 

Vol. XII.— December, 1805. R Sulphate 
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242 oti ikvti. 

, ic ,Kn *“ x , teft tocftorefce; LotL 

Sdphate of fod* • 6\ days - of water. 

Phofphite .of f<xja , - ,39 .* ^ L ^ 

C^onite of fpfla ; • . 5 1 - - +9$J \ " U V 

It.ihould feem from thfi table tfaatihefc poej^t to 

be oirfed in the preceding order ; but it obfovedihat 

ffilU <^xvUii) mpre or lefs waler, jn proportion a? tbpy^yftal-. 
Coafttyairifo* k» flowly or rapidly- The number of d#js vfhjob IjTOe fem- 
plov ** in 4l * ^florefeence of tfiefe falls. (hoajd m 

bo afeftti reiWt, proportion to the water they contained, and to the extppt of 
(■*%-■* wfice which they ex pi fed to the adtion of the fpflwmling 
tXf ° ! air* ‘end therefore the time of their effforefcence can give no 
^ ^appreciation of the force of their attraSion for water>, This 
tede^iop prevented my making experiment^ on any more ef- 
Jlocefceotfalls* r 


Ddiqucjbcnt Salts, ^ 3 l< 

X took 288 grains of eaeh of the fails in the foltbfinu^ lable, 

, (which are very fenfibly deliquescent, fince they all afbfqrbed 
more than half their weight of water)* and placed each of 
them in a dried capfule, along with the befoic-mentioimd me- 
teorological inftruments, in a damp foliation, and alter 130 
. . days of obfervations noted what is included^ llie table. 


i • ’ A Tublc of DtUqueJbent Suits , in ike Qtdtf qf tMr A&hiftion , 
tfiimatcd by the Quantity <if Water ubf&rlHrdj ' F " ]! 

Diys employed Tft ‘ J k ■** 

their fiturataott* . WmueMbrbeL 


*• - 146*. yn •: i tv7Q0 gnuni» 

. *m *24 < *vjd 6M " 

• s ioi 

. 89 - 521 i 

* u-jnhuMS 

• k* : - . HI ij lono.nb^v 

v«f bofttW:- 

r; j «*-c Mftrlate of antimony * ■ : uL 124 isdi-wct isBnr 

Wortote ci AhnhfAe ’*•'< *- • ••--i.44iniol ml 

•^v «’*• -* 1 * il‘*2 ,« oinoqon^aet* 

* a il Muriate Of temO e.Tsndtfififjflfbi ?i-o)cd ft*v. 

- titrate Of fodk 1 ^ / ^ * ^ atom DlSZnoij-wjq.iqSBf 

Jo . K NttrOfe of teagndfift •j-na.w:f 7$ o *Ur 207 

6 Acetite 


ttbVofthe 
liicreaib of 


Acetite of potato 
Muriate of lime 


?SfcS£ **«■••* 

erct, and the Nitrate of manganefe 
"Nitrate Of zinc 
Nitrite of lime 
^Muriate of maghefia 
pirate of copper i- 
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■SSISL 1 ”. mm***. 

Aceifti of aWrhitre " * - 10 #^ ’ i° ? *' 2$2 ' ,*• t 

Acid fulphate of aluffline 1 - l£l / t ' i&2 1 n ' ' " 

Muriate of bifnrrflth - ‘ - 114 -* :t “ '^4 ' 

Atild phofphate df limb - - 95 •* l*3ttV 

hlltiriate 6f cdppbr * - * 119 - 149 " J 

J In feicamirting this table it may be remained that tW dara- The timet ofab- 
tfoh of ihk abforption is nol in any proportion to the quantity 

e Oiurtate of nlumine, for example, took 149 days 16 abforb t» the quantities* 
34 k grains of water, while the nitrate of mangfcnefe took but 
da yi to abforb 527 grains. That the force of attraction 
ihajr be eftiftiatedf #om the rapidity with which the bodies unite 
mulf hftt be' concluded from this 5 for the fame table (he** that 
nitrate of magnetia lata rated itfelf in 75 days, and only ab- 
forbed 207 grains of water, a much lefs quantity than that taken 
up by the nitrate of roanganefe* Although the greater or lefs Though the ra- 
facility with which deliquefcent falts fat urate themfelres with^*]^^^ 
water cannot be accounted for, (fince a fait half faturated, or dkatt the pro* 
half deprived of water, is no longer the fame body, and con- 
fequently exer^ifes other attractions than what the fame fait nfefoL 
does in its ordinary (late, or in a different (late of faluralion,) 
the rapidity of their faturation is not however ah indifferent 
matter. In the experiments which have been made on pro- 
ducing artificial cold by muriate of lime, it has been remarked 
that thepold was greater in proportion as the ice was melted; 
but it is probable that the muriate, and above alt the nitrate of tha 

maogunefe, which becomes liquid much quicker, would pro- ^ 
doCe with ice a more intenfe cold, and that certain liquors ducc jfJ^ fe rc * 
which have hitherto refilled coagulation, would be folidified fr ^ r * 
by thefe two falls, which experiment is highly defer viog of H 
trial. * r ‘ ^ l' 

IfU>rder to examine whether deliquefeence depends on the flffcb not q>- 
prOpOrtion of the bafe, or of the acid which x^nftitutes the 
falU, I compared with eaefy other the different analyfes of falts pearis on the 
published by Bergman, Klaproth, Fourcfoy^ and Vauqjielio, Pfapotooo 
and I faw that no indudtiorv could be from : thei r compOfition ; ^J^**** 
fot there are fome (hits which have thobofo to i vory icqgfidar- 
mble proportion, and wh$ph are left del^ufc&cnt > thofe 
wbofe bale is left / and many others in whjeh jttaftftdiif to a 
fmali proportion r are more deliquefcent 4tan lbof&i to. which 
Ibis principle is pxtdomtoant. The tbe^ids and of 

the 
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Generally the 


— noronthcpe-the|ba^es themfelves do not throw more light on the pheno- 
the'bgrtdittttf mena of deliquefcence than their proportions; for' there are 
themfelres. deliquefcent falls, the component parts of which iaken fepa- 
rately, have not any remarkable attraction for water. Rich in 
the nitrate of alumine; while on the other hand the fuqphate 
of foda is efflorefcenl, although concentrated fulpliuric acid* 
and cauftic foda each feparalely attract humidity. Nothing 
better proves this axiom in chemiffry , — Compounds hate pro - 
perties peculiar to theuifelves, and differing from thofc of {fielr 
component parts . 

Generally the In general deliquefcent falls encreafe their weight in a di- 
wumolft rapid proportion, according as they abroach figuration ; 

when the fatu- thus the acetate of poiafli, which m the firft twenty days ex- 
ration was lead. hibited the following progreflion: 21. 34. 44. 54, 60. 76. 85. 

100. 1 l(h 120. 12S. 138. 142. 148. 160. 169. 177. 186. 192. 
198. did not (hew on the lad twenty days more than this, 647. 
650. 655. 660. 663. 666. 669. 671. 676. 682. 684. 686. 6S8. 
690. 692. 694. 696. 698. 699. 670. The falls which were but 
little deliquefcent prefented a lingular phenomenon, which 
none, I believe, has obferved before. , 

Remarkable The acid fulphate of alumine, and the acid phofphate of 
fc&l falts 'li m e, increafed and dirainidied fucceflively in Weight, 
of the abforbed The muriate of copper dimintmed during 4o days before it 
water and after- began to encreafe. Thefe ofcillations and retrograde move- 
more'and en- ments take place but once, and when the fait has abforbed a 
creafe till fatu,- certain quantity of water, there is a progrelRvc increafe, al- 
ratl0fl# . though (lowly, until its perfect fatutation, which may depend 
on the attraction of water for water, an attraction which is not 
perceptible but in certain proportions. 

Expediency of Thefe Anomalies deferve to be obferved again, and com- 
further experU pared with experiments made on other falls which do not ex - 
menti. hibit ^| iein- They tend to make us acquainted With* aH the 

caufes that produce effldrefcence and deliquefeehee, finte they 
prefcnt each phenomenon fucceflively. The fafts whiCh we 
1 ' fubmitted to their aCtion, had certainly an altra&ion fot water 

very little different from that of air in a mediuiti Rate of beat 
and humidity^ The point of eqailibrinminuff be decided by 
the Rate of tie atmolphipre, or the (alls would remain un- 
altered. , ; ' ' f 

Thefe will pro- I ftill however think that a relation eiiffa betweett tbe-’roe- 
babiy (hew that teorological variations and the alterations of the faUa; . and if I 

meteoric vana- Q 4 . 

tions in the air 


Expediency of 
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'vas not able to difcover it, without doubt this was caufed by Jo influence th 
the /mall portions of falts which I expofed to the a6tion of the 
atmofphere. Some chemift more fortunate will determine it, 
h v operating on large mafles, comparing experiments made iu 
inany different fcafons, and keeping a regider of the ele&rical 
date of the atmofphere, of the water of crydallization which 
the falts contain, of their divifion, and of the lurface which 
they prefent to the air.’ 

In a labour which would require more than 3000 experi- Extenfivc re. 
ments, the new fads which I have obferved are too few, ^ earch * . # 
and perhaps too little important to engage any one to under- 
take fuel) prolonged and minute experiments; but I have 
given a table of deliquefeent falts arranged according to their 
attraction for water, and I dare hope, that the rcfults of it 
will not be altogether ufelefs. 


, IV. 

Recount qf the fimple and eafy Means by which the Harbour of 
Rye was rejiored , and made navigable for Ships of confiderable 
Burthen. By the Rev . Daniel Pape 

Memorial of Rye Harbour . 

Harbour, once fo very fafq and convenient for palling Decayed ftate of 
vuflejs up. or down the channel, to run to in diilrefs or in pre- * y * 7 ^ bour> ' 
carious weather, had been for many years, and from various 
caufes, in a gradual (late of decay, infomucb that in the 
years (I believe) f795 and J79o, it was thought aeceflary to 

fend Captain - — , from the Trinity -Houfe, to make a 

furvey, end report to the Board its then dale, and the pro- Survey and 
babiUty of iCEs ^ntprovemeni pr redemption. The furvey was rC P ort > 
made, I believe, with* confiderable care and attention i and 
.tb^; ijefuljl.was, (hat the harbour was pronounced lp ft, or in that the Harbour 
fuch ap irreparable decayed date that.it was ufelefs Wi * ,rrt P artWe * 
egpenfe to the (hips pa fling, which paid tonnage, to it • and 
therefore this tpnnage was taken. fron> Rye& and given to 
Ramfgate Harbour, leaving however a referve in the hands of 
the qpipquflionem of 6000/. 

* From *h is tomimraitatkm to the Society of, Arts, who voted 
him the gold medal. See their Tranft&ions, Vol. XXII. 

Tho 
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The anther 
undertook it at 
his own riftjue, 


Advertisement The confeqaence of this was an advertifement, inviting 
provemeiif im " an y 8 cn ^ eraan to come forward with plans for the improve- 
ment of the harbour, and the draining of the upper levels. 

On the day appointed for the prefentation of fuch plans, a 

very fenfible letter was laid before the Commiflioners by the 
Rev. Mr. Jackfon, of Rye, though impracticable on many 
The author's accounts, — and alfo a plan by myfelf, propofmg to make the 

direaVut 1 ^ prefent cut, and to form a dam of ftraw or hay and faggots, 

dam up the old as reprefented on the chart, for the fmall fum of 5002. On 
mouth. reverting to the enormous fums that had been already, from 

time to time, expended by able engineers to no purpofe, it 
was judged at the moment an impoftible attempt ; and, after 
politely voting me their thanks, the Commiflioners teemed to 
The anther decline carrying their plan into execution. — This, however, 
his^wn^fquf ^ not falisf > me > anc * fh ere f° re * confident of fuccefs, I 
undertook to perform what I had propofed, or lofe the mqney, 
without ftipulating for any fee or reward fhould I fucceed. On 
entering upon this agreement, I fet to work, and choofing a 
Mr. Southerden, an active and perfevering man, as foreman, 
to aflift me, I completed the work in three months, in the 
very depth of winter, at the expenfe of only 480/, though the 
works were twice filled up with fea-beach by the tides, 
and eompieted But, though this w as done to the aftonifhment and admiration 
of many, yet there were evidently an envious few mortified 
Farther fccurity and difappointed. The cut and dam being thus finifhed, it 
by a pierhead was ihen thought neceflary, on my recommendation, to fecure 
and jutties. ^ cut f rom rever t j n g ( 0 its late reduced ftate, by a pier-head 
on the eaft, and jutties on the weft fide of it; the execution 
of which was committed to the eminent (kill of a Mr. Suther- 
land, who performed the truft repofed in him, to the univerfai 
fatisfaClion of his employers; and I believe the whole was 
completed for fomething lefs than 3000/, in a very mafterfy 
It proves to be and workman-like mariner. Of this I think there cannot be 
gerfeaiy dura- a b cltor p r0 of adduced, than that it ftill ftands firm, without 
the leaft apparent decay, and maintains its firft pofition 
without the fmalleft variation: and no doubt a v*ry trifling 
annual expenfe will keep it in its prefent improved ftate. 
and admit fhips The advantages derived from it are particularly great; for 

of five times the ^ 25 0 tons burden, and even veifels of 300 tons, run 

tonnage be/ore r • r 

admitted* in with the greatelt falety at tpring tides : whereas, before, 
thofe of 50 tons could not come in, but with the utmoft dik 
Acuity and danger. 

Thai 


and jutties. 


and admit fhips 
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That part of Romney Mart'll too, which lies contiguous. Other advan- 
and was threatened by every boiflerous tide with a total over- la 8 cs * 
flow, is now' in lately, and the drainage of the levels is 
rendered complete. 

I beg leave now to offer to your attention a fliort deferip- Very eafy and 
tion ot the Dam, the form and materials of which may be ^hodof con- 
ufed with fuccefs in fimilar fituations, whether in places ftrufting the 
adjacent to the fea, or in gentlemen’s fifh-ponds, or rivers in dam# 
the country, where weirs maybe neceflary for the prefervation a double roof or 
of the banks. Tiie dam was merely formed of .hay, draw, covering of hay. 
and faggots, pinned down to a foundation of fund or fdt by 
fliort piles. I formed it as in the chart, of the thape of a foundation of 
double-roofed houfe, firfl putting dow’n draw, and then over fand > &c# 
it hazel faggots, from 12 to 14 feet in length, and afterwards 
pinning down the whole with piles. I next filled the fpace The interft ice 
between the two roofs with gravel or fea-beach, and (ecu red g r * S v fi ^an'd^ 
this alfo with faggots pinned down upon it, over which re- covered with 
liflance being precluded from its peculiar form, the influx fccurc4 
and reflux of the tides glided to gently, that confequently 
every probability, not to fay potlibility, was annihilated of its 
being ever undermined or blown up. 

It was alio neceflary that this dam fliould be put down in Difficulty that 
one tide, and that the mouth of the cut fliould be openedin bedoM 
the fame time; for it was evident to me, that it was impoflible an< j t h e new one 
ever to cut to fea in any other w'ay. For unlcfs the dam had on# 

been ready to turn the water through the cut as foon as opened, 
and the cuf, on the other hand, ready to receive the current 
the moment the dam began to a6t, the whole work muff have 
been entirely and unavoidably deflroyed by the influx and* 

/etlux of the enfuing tide. All this I clearly forefaw : and by 
procuring a fufficienl number of men, nearly three hundred, 
the bunnefs was completely finiflied, jufl as ihc tide touched 
the foot of the dam; and when it was full fea, the flraw of 
courfe a£ted as a receiver and retainer to the fill brought in by $ ncce fcfoi 
the tide ; which being repeated by each returning tide, the refult. 
dam foon became entirely fixed, beyond a poflibility of ever 
being cleflroy ed ; and it is now fo entirely covered, that if the 
pier is kept in repair, the dam muft ever remain unimpaired 
by time, and proof againrt the mqtt violent floods of waters. r4 

For this work, the Commiflioners voted me fifty guineas Th« author’s 
(half of which I gave to my alMant) and allcdged that, on 

account- 
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attending the account o£,.Jhe Jpfs of 4he< tonnage, and thfccpdverty.of the 
works s' 5 ol.! f an( j f t^ey were furry it was not more* This* toiife* uhder 
thefe t^ircu.mfiftnpcs, was a fuflBcient apojogy , and I wai cwtt- 
tent,. I .now offer jt to the coftfideratkin of the 'Society ’of 
Arts* as a body in fome degree mteretfed in the prbfpewty of 
this kingdom. Should they deem what I have akbady tc*- 
ceived an adequate compenfation for fuch a work, and fuch 
an undertaking, at ib indetnettt a feafon, I am fldf content r 
But if they fliould think, proper to grant me an additional 
remuneration, it will be received with peculiar fatisfadion, 
and confidered as a very great honour by, * 

Sir, 

Your obedient and humble Servant, 

To Charles Taylor, Efq. DANIEL PAPE. • 

^Cambridge, Trinity HaU, . , „ ; . 

April 2, 1803. • « 

Reference to the Engraving of the Rec. Mr. pApt’s'hnprott*" 
meat of Rye Harbour, Plate XIII. Fig. I. 

A A. The double roof, filled with draw. 

BBB. Hazel faggots, 12 to 1 4 feet long. 

C. The fpace betwixt the roofs filled with gravel or fea- 
beach. 

D. The faggots which covered the gravel fo laid. 

E. Piles of wood driven though the faggots and draw into 
earth, at the bottom of the river, the heads of which piles 
are anited by crofs pieces of wood. 

F. The folid bed of the river. 

G. The river at low water. j j r > 

H. The high. water mark. ^ 

I. The upper fide of the dam, which opposes the current 
of the river. 

K. The lower fide of the dam, which refiftf the comjpg-ut 
of the tide. 

Fig. 2. L. Shows the place where the dam yras placed, 

M. The old courfe of the river reprefented by dotted Iiue$, 
and which is now filled up with gravel by the tid^ 

N. ' The new canal, cut by Mr. Pace's directions, and 
which is now the regular channel for (hipping. .• 

O . Tb* 


Digitized by Google 



249 


***** Otf UtlPlRATlCm. " 

•d eaft'lftte <$f MV; Pftpe*# cufr. * n ■ 

*Rrtl TSfie 1 **ojuUife*, orrtbe vreft (id* of Mt: PapeN cut. ■ k ' ' 
>fe&iTfce forever cfcwal, ctft under the direction of Mr.'’ 
3me*toi»y'~fcf)d other able engineers; but which failed, and is ‘ 
ilnce blocked ftp by a bank made acrofs tt, over which the 
prelent high road between Rye ami Winchehea pafTes. 4 


— -■■ ; ■ a rf i ■ -*••**•*•• ■ ■■■* ■»»- ■*-■■ -i "■ • 

' ' 1 • * ;; 1 ' r ' v. ’ " ' 

Jfew Experiments on the Expiration of Atmofphcrk Air , prin-' 

cipnlly with regard to the Abjhrption of Azote , and on the 

Hejpiration^qf ihe Gafeous Oxide of Azote. r By Profejfor 
- Pfaff, of Kiel*. * 

Th e great difcoveries in pneumatic chemiftry, the ingentQU* Shoitduftory of 
and ufeful applications of, thefe drlcoveries to explain ^arTh” 1 con- 
phenomena of organized beings, particularly the animal cerning rcfpir*- 
ecoq#«tyv and the valuable refearwhes of eminent pbilofopbers tldn * 
have greatly contributed to throw light on the doctrine of the 
chemical effect? of refpiralion. In confcquence of thefe 
r.efenrches, phihologifU are in general agreed with regard to 
the molt eff^ntial points of this, doctrine ; fuch as the produc- 
tion Of carbonic acid, the ufe of oxigen gas, and the animal . 
beat which refults from its abforplion. But the adtivity of 
philosophical enquirers lias not yet fucceeded in removing all 
ti>e obfeurities of tills fuhjedt, and the difagreement between 
the refulu of various experiments relating to them, luflieitjiUly 
fliew, that new enquiries are requiiile to afeertain the lources 
of fuch errors as (till continue, and to remove then) altogether* 

The experiments of the celebrated Davy haye done, n>uch Dav y 00 
in this refpect, and the relcarches on the nitrous oxide afiyrd n * trou, a * lde# 
a neW epocha in the chemical doctrine of refpiration. .. The 
celebrated editors of the Bibliptheque .Brjtuwnjque,.. have ' 

(hewn their conviction of the great value of thefe refeftfobes, 
by the ample and inftrudtive extract they hgve given, and the 
manner in which Berthollet in the 45 th volume of the Annates 
de Chcmic has given an account of* the fame, has lufficiently 
fixed the attention of philosophers on that excellent work* * 

* This memoir* was iddtfcfled ' to the Frentfl National Inftifute, * 
and read at their fitting of the 25th of Meffidor laft (July 13.) ' 

The 
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The differences which elided in the refults of former ex* 
pertinents, as to the quantity of carbonic acid produced in 
the aft of refpiration were lets important, and might entirely 
depend on the conftitution of the. different individuals upon 
whom the experiments were made ; and under this point of 
view, a revifion of the experiments was lefc necefiary. 
But the part which is performed by azote gas in the aft. of 
refpiration has been too little attended to. It has been 
generally fuppofed to be altogether without aftivity. Goodwin 
alone thought he had obferved a considerable abforption of 
azote gas ; but his experiments were not made wiLh all the 
neceffary accuracy, and were too dircftly oppolite to the 
experiments of Lavoilier, Seguin, Abernethy, Fothergill, 
Azote neceffary Menzies, &c. to fix the attention. The experiments on the 
combuffion^of A° w combuftion of phofphorus, whidi does not fucceed in 
phofphorus.* pure oxigen gas, but is lo greatly forwarded by the prefence 
of the azote gas of atmofpheric air, fliew to a certain degree 
the advantages which this great quantity of azote gas is likely 
to produce in refpiration ; and the unfortunately too concife 
refults of the laft experiments of the immortal Lavoifier on 
refpiration, in which it was found, that a much greater 
mafs of oxigen gas is decompofed in the fame time by ref- 
piration in atmofpheric air than in oxigen gas, Hand in con- 
firmation of the former faft. But hitherto we have poffeffed 
only probabilities! or refults not fufiiciently connected with the 
fubjeft. To Davy it is that we are indebted for an exaft 
and incontcflible knowledge of the aftive part which azote 
gas performs in the procefs of refpiration. But in proportion 
to the novelty and interefting nature of thefe refults do they 
require to be Confirmed by the experiments of others ; and 
it was in this point of view that I undertook laft winter a 
feries of experiments upon refpiration in atmofpheric air, 
. and alfo in the gafeous oxide of azote ; the principal refults 
of which I now venture to communicate to the National 
lnftitule. 

* Experiments on the Ke/piration of Atmojpheric Air, and 
Oxigen Gas. ' ,J ‘ 

Experiments of All the following experiments wer^ made in the^c^demical 
refpiratitn. laboratory of the Univerfity of Kiel, which is proyjded with 
aft the «£oratdVpparitu* of filb'deri'thdaiiftry;^ fh^yWre 

made 
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wade for&eiriOft part to the pfefetrtfe Of my ftipiti* par- 
ticularly owe ndmed Dierfe, who wtos meffcemra^ly ttofbb*^ f l 
je6Tof experiment. 1 r ' ■' ,M ' * •'■ (< '• - 

In order to determine with predfloh 4bte ^Changer wlfcMt; 
atmofpheric air undergoes 1 by refytoiftdn, te&W decide *- 
fpeding ihC abfcrptfdh of ss^oie gas, 1 we toift 1 begins with ; ' 
afeettainirig thh diftfrrratiotr which a* grtfew vbkubfc toP : 4fr* f 
undergoes by fefpiratioft. ThiHifft point w*s to bedeiertfto- 1 '■ 
ed by accurate experfrhewf*. ^ v ‘ ’ ^ - 

1 . The ^uanfity of 170 duodecimo cfcbictodWs +f Pari**%antity of 
were retired fromenCof the great refervoireof a gafoatfter, by 

conftru&ed hi Baris after the mode! of that of Chferta, overair by the 
water ^covered with oil, to prevent the abforplioti df 
carbonic acid gas predated by tefyifation. The ref pi ration 
wa petfbrhmd once Only daring the time of ten or twelve * 
feconds. Thedmimrftion was 4,72 cubic inches, or -^patt* 
of thb'flttt vdtoihc. TM* vxperiraeirt being repeated twenty 
timesfo thelfcme manner, afbrded the fame refult. 

144 Cabin ruches were refpired once in the fpace Of 
ten or fwehrefeconds. The dfmimttien Was four cubic tochea 
or pfthe primitive vdthne. 

3. The fame volume was refpired twice during 22feconds, 
and the drrmbudoe amounted to eight Cubic inches, or «j5y 
part of the primitive VOfume. The fame volume having been 1 
refpired three limes duitog 30 fecondt, the diminution amount* 
ed to F2CtiBiC inches, or ^ part of the primitive volume. 

4. <60 Cuftid Inches were refpired three timet during 

fecondt, ' the diminution was fit cubic inches! or ^ of iie* 
primitive volume. * A 

5. * 1W OiKbU^ inches were refpired four times durmg Oae 
minute,’ and 1 - the' diminution amounted to 20 cubic inches. 

Thi s e x pe ri ment was feveral times repeated; and (he dimi* 
nution was almuft eonftantfy the feme. Namely, 13, 19, 

SM, and 20 Cubic inches, or 

6. 108 Cubic inches refpired daring dO feconds, byftttr 
great and four fraalt refphations, fuleced a diminution of 14* 
or of the primitive volume, 

7. 430 Cobic inches by 12 refpirations in 90 feconds, 
f offered* dfartfttriiofi eft's*, or -fr part. 

* As theft quantities art mtxtly relative, J have not reduced 
Aejn. T. 

Thefe 
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Diminution of 
oxigen gas bf 
rclpiration* 


Experiments to 
»‘f*tcrm»nc how 
much asotc is 
ablorbcd in the 
proccfs of ref- 
pii ation* 


PMM ,ON RESPIXATIO^. 

Thefe refold agree very 

dnrttajKfmtiu^ <#pi no- 

tion by imwidgfo’mlpirarioa to be ^ parija^^gyffliraric^ 

cWitnWriwdne > r7 . mc ;, 01l r;v > 

ilihetiiiegnitiM^jortbe dtefondoRtdl^^ 
timendurisg which'* gwen volume Js feared, teat 
principally **! the p*gn*tude of I#* vofoafte ihfelf ; At mull 
bfr proportionally. lets the greater the quantify of air i^fjyrcd. 
A very eftential error it feen in the refolds of Aterodby* who 
giver a geeatervolurac to, the expired than tp the infpired 
air * v and the calculation* of Goodwin are founded: oju a 
ratAaken abatis; for tafoppofe* (be twovofomes equal, t- 

.In order to determine comparatively the diminution of 
oxigen gas by refpiratioo, J70 cubicinehesof owge%gas 
obtained from manganefe were refpjrgd ip tire .tea* manner*, 
and under the fame ekcemftaaee* at, the 17 Arabic, inches 
of aimeipberic air m the 5ih paragraph. , Th* diminution 
amounted to SO cubic inches*, and in Otter experiments, la 
33, 29, 31. The mean term of -which is 1 Vpacl*v$f the 
primitive volume. .* , , > i. i 

This diminution being eflabliibed with accuracy* may be 
applied to determine the abforption of azote-gas., , / - 
8. 80. Cubic inches were re fpi red one time, flowjy. during 
ten or 12 feconds, and the air expired wadjFepwvcd.wver 
mercury. • - * -t .... w 

The relative quantity of the cooftihieot parts Hef jthi* , ref. 
pired dr was in the centenary 4,16 carhodcr*cid# i,46,55 
oxigen g%s obferved by. the How cpaateftiew Of pMpborus, 
79,19 of azote gas. An eudiotnctric experiment ^ntadpjat thq 
fame time, gave the following proportion ;di,tb*>fg*ft* in 
altnofpheric air, one carbonic acid, 2t. ox'rgeO gafe qnd 7S 
azote. The total diminution . of the , aitGwas front itbe pre- 
ceding experiments We may . therefore find titciirue 
quantity of azote gas by the following proportion, $3,::. 
79,J9:7$», if wo fubtra&itki* 7 6*99>fjtQmiJ78*, $be pri- 
mitive quantity of azotom the atmtfpfcerradn te&te ref- 
pirMion, we find alofs of l,Ol,on;ttete«dnNL parts^f the 
whole maft of dr breathed, Bul as tbe quantile of* *ir in- 
lfmed Was really no more than 80 eqfrio mchesi tttetfefelde 
ditr nution or difappearance of azote gas by one refpiration. 
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niuft be dimlniflied in the fame proportion of 100 ta 80, and 
thus prove* 0,309 cubic inchhs; ♦ ' ^ » 1 ' t ■ 

. 9. In Another experiment 60 cubic kidw werfe ' uefpiml 
once in the tin^of 10 or 1$ feconds, and< the. left pertioti of 
the expired air was received ovcr mertoary. Tbwpfoportidn 
of the cohftitoent pa rtt after refpinttiort, werewtbe< centenary 
4,66 > (rafbonfc tcid gas, 17,68 oxigt!* gas, and 77,74 onote 
gas. An eudiontetric experiment made at the feme time on 
the atmofpheric air, gave 1 carbonic acid, 2® oxigen gas, 
and 77 azote gas. The true quantity of azote gas (band as 
before, by diminiftiing the 77,74 is, 75,38. And this 
being fobtra&ed from 77, the quantity of azote gas previous . 
to the refpiration leaves 1,44 for the azote which difappoared, 
fuppofing the refpired air to be divided into 1 00 parta Bat 
if we take the real number in inches, which was: 60, this 
quantity will be expreffod by 0*852 cubic inches. ; 

10. 30 Cubic inches were refpired in the fame manner 
three tithes during 16 ftconds, The expired air contained in 
the centenary 5 carbonic acid gas, 14,5 oxigen gas, and 

60.5 azote gas. The atmofpheric air contained by experi- 
ment at the fame time, 1 carbonic acid gas, 29,75 oxigen gm, 
and 80>025 afeote gas. This by the lame procefs of compata- 
tion gives a diminution of 4,235 in the 100, or in -cnbiQ 

inches 1<,2705. • - \ v ^, 

Thete experiments which were feveral times repealed; and R«msrk»*r ^ 
contfautly with the fame refult, deciiively tbew that azote I 

gas is abforbed in the aft of refpiration, aad the aclive part it 
performs, Hence we may more eafiiy underftand, why azote 1 

gas Competed with other mephitic gates is fo little jwxjptts to 
our lungs; fothat according to the experiments of La verifier 
and Segunv animals < live very well in a mixture of 15 parts 
azote gas, and one part oxigen gas ; where** the fame animals 
were fuddenly futfocatedin a mixture of 40 porUQxigeijkgas, 

4.5 azote ga«, and 15 carbonic acid .gas. Hence we pwy 
comprehend, at tea# to a certain extent, tl>e extraordinary etfafls 
of the gafeous oxide of azote; we may farm lose notioi^uf 
the transform*! ion of the chyle, which is lef* anamalized or 

* aa atized k\ thv lymphatic part 6i the blood, but becomes 

morefomlbea&ofrefyifauon. BuLih&tquaoiUy of azote ' 

gas abforbed by one bogle refpuation is not rcry confuiefaWe, * 

, , ,*# * , v ;• . > ' i ! . , , .which 


Digitized by v^ooQle 


25 * 


twkst on ft«srifc*rfoir. 


pwfoSlyifcith** AywinnU of Da*y, whc 
, SfMiA tfwt go-more than £J «t4>i4 i twHw of aattE wen 
.bfefbad by 49 r^pweiiopt o$ . aafa wO e ofi J B I cubic inches. 
giyerim entt ,j i To detonate. Ibe quaatify :«£ eerboeic and gas pro- 
’ -deced by th.refptrto.aof atoafphwia ton nOO nutate a a diw 
•■baaic acid,, w wtfpired onto (tariag toi or tt*tonsifaroodt, endMneoewed 
“ “** oner Mrctsy when expired. Uotearaterabforbud'^M parts 
fM i IO0»* i Ttw dupwiBf nt - ‘ fovorsL raffcated 

. gov* the fame refiili, The Ufr portion, of expired aar4>e»ng 
f ovatal times transferred through lido witei wmiiniaitied 
4*9 parts in 100* 

12. >20 Cubic inches rtfpited three fuoceJfine times daring 
. 10 fecoeds afforded no mete that five Imodsedths of marboafc 

•oid gas. , - 

13. 110 Cubic inches were refpi red (bur tineas dsriBg 

50 focoeds, the quantity of carbonic achi gas obtained •was 
5fi hendredths. / /> 

*4w 170 Cubic inches were refpired fjmn>a *Mmider eight 
* times in one minute. Lime’ water abforbed 8,2 bOndredihf . 


Oxlfmgss 


This quantity of carbonic acid produced by ceffrirwiop, 
• J far ded a teem of cemparifon to afcerlain the qdsotityrf tbe 
dCcompofitiea of oxigen gas in refpkatio* \fam th fcnfema 
quantise* of atmofpheric air, and of pure joxigen gar>; * •* 
The preceding experiments ( 7 ) had fhewp that abet- dimins- 
- J > tven of oxigen gas was more coofiderabie than ttynbof Mnof> 

n^ake den phedc. ftin From this fed it might be md$e€tedtflkm the 
yn»%hedM r prodirflioo >of carbonic acid gas \vso^itfcCwafebrmoro^^ 
fiderabJe; and this was confirmed by<lftd& enpeane ntd^ 

15. IfO-Gobie inches of oxigen - gas * obtmiheti hfcamlnat. 
jpnefo, were nefptred (bar times dwribg" 50* iecbodrj the 
; dhai nation was 90 cubic inches: The qtawtity ofotebooic 

acid produced was 8,2 hundredths, Atmblpberiouir retired 
in Urn feme maimer, and under tbe fane ctamaffeincfei; gave 
only 5,8 carbonic acid. ' 1& * 

16. 70 Cubic inches refpired from a bladder during SO 
feconds, slfo gave eight hundredths of carbonic acid. 


Experiments on the Uejfrirntim qf the Gqftout Oxide ef CMsa. 
€>Menrsdons on The gafeous oxide of azote was obtained by tbe procefe of 
obtaining Davy from cryftallized nitrate of ammonia. This nitrate of 
tafeous osidc of ammonia affords very different produds in different tens- 
** 0IC# / peratorer. 
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peratares. I bam made a confiderable fctie* bf experiment* 
on tigs iubjed; which I ihaU fhortly fabtffit to the Ntfttonal 
IidHiisto. £ Hiall only remark' in this place, ihatlhte tHng&mt- 
ed muriatic acid i» obtamed at ihe commencement, if the* •' 

nitrate of ammonia be not entirely free from muriatic acid; 
that at a temperature not exceeding 220 degrees of the 
centigrade thermometer, the gafeous oxide of azole is obtain- 
ed in great quantity, and very pure, without any mixture of 
thofe white vapours which have the tafte of muftard ; but 
that a temperature ftill higher, efpecially at a red heat, the 
gafeous oxide of azote is no longer difengaged but nitrous 
gas is formed, and very peculiar white vapours which I am 
at prefent examining. To prevent any explofion, I always 
mix the nitrate of ammonia with very pure fand. To obtain 
the gafeous oxide of azote in a very pure (late, the diftillation 
mu ft be made on a fand bath, and the fire carefully managed. 

When every thing fucceeds properly, the gas is fo pure, that 
it may be refpired immediately; it has an agreeable tafte, 
almoft facchar vinous. If it be mixed with the white vapoufs 
produced by too ftrong a heat, time muft be allowed for 
them to be depofited. The effefts which Davy has obfefved, Davy's experi- 
mnd Pi&et has defcribed with fo much intereft in his fecond wUh^ 

tetter in the 17th Volume of the Bibliotkcqu 6 Britannique,o\xrzuxhor, 
were perfectly confirmed in my experiments. Several per fons 
who refpired this gas were exalted abfofutely in the fame 
manner. One of thofe who refpired it was very fpeedily in* 
toxicated, and put into a very extraordinary and moft agree* 
able extacy. Others refilled fomewhat longer; one only 
. Teemed to be fcarcely at all afie&cd. The exaltation always 
pafled over without leaving any perceptible relaxation, I 
ftill continue thefe experiments. Perhaps this gas may be- 
came a powerful remedy for melancholy affe&ions, I Hull 
. not fad to communicate the refults of my experiments to the 
National Inftitute* i jb djgo*: . . yl - 

w * \ 1 • r ’ i * ■ r * * * *' •** *'’•* \ ■’ A 
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^ b HW ftr iif tfrdn* 4 Thfc o**1gfo : of ■afirfnohfa j 
rfeturit Ktar. Thu* cdnhflhi iifttitP pfcrtft 

about 3f of aOie«; which* wa* compofed I fbr i Ae nuilt^jftcft ; of 
reatbbnale t>r Bfhe; a fmaW quarHkyofk^m, of 

Hi me, and ‘perhaps 4 oFr Very tarrfute'porttaif df mtkiri!.*'* <f 
2. Ten grains of white gum adracarith hh rf U cd^f^e 
Mraceath lift a fataq proofs, gave three decigrams of afhfes, -wbuBt wipifo 
•which eoaia’m. T^e<f bf the fa me prfntfpies as the fed?k»bd; .wilfi 1 
<d the <«me ■ dtthmoP#Kttie potafh. " - ' n>r - * a 

aMi. PkS “ 9. 1 ¥«n gram^of gem ombic bftrot*fts "the- o thers / te fr fl fre e 

Cum arabfcKt dec ^Am s of allies, which wertf coiftjpbfed ^bP tte Atoe 
3 ^mtaining no eteraents a* the preceding, except that r lh#jr of 
■* the f pRefciik* of elkali or of fafphur.' * - 1 *' *»SF ,V * : u 

t ** thought that the opacity of g uril ifl fafcinfff; Vnd 

’ the difficulty of its foiution in Water, raightbe iKaU M 1 by 
- a '•greowr* proportion: ‘of earthy motter iMe nt- 

■*pertm*iM it appear*; that they are diSHci : > 

<- ^ Hi tin f AoS f to 

gums is com- ■ rttenliOh, ' M*»d titMefe hetlbe£ift the 4ltM | of l totfl8inftiijlt J and 
forming** 1 * c " 1 * ftill lefs in that of qdicklisne ; for the . iohitioni of thfPjjniu 
" “ ~ ' -Were-no* in (He- twill ilkaKw, ittMto fltgbUy 

•ocW; at lwift-- #lxW *e gutrt 

onitfSMtOtl; (witlt Mie •vegahhkr juieo) «nw if i il<t UI Bi i y% M. 
It i« -alfo c*ttaMi, thot (ncalMe of ■SmtiiOnla tod OnOfiHOW’ of 
ptrt aft» -occadon {tMNpMatoain'tiin MHttOn ef gdt> SMMd/%xl 
tlial *»titfe ICkMi^loak rttHfcftli^ny. ' IHahMW M»fHis, 
Sbattke fHnd i* prObabiy OnilOH H> («M» OPi^HfHhe 
KDIIIS, vrttteb (trmbtlefs i* a »*|{«»bte"OPtdr ftr Md^eing 
deo(nt)|M^<i <w*f - team ttieir tofor MhWMll rOMb^cMSSic 

, ^ ♦ Anoalei d« Chimie, Toit . 
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ecid 5 bat can be neither (he onKe, the tartareut, or the 
citric, becfttrfe their combinations aiw"mfohit>le in wat er, 
and that befides they extft bat in a fmall number of vege- 
tables ; till left Can it be the benxoic, the gallic, the manor* 
alic, or the basilic, which are very rarely found in naturally, 
and ef which the three leftalfo form infoleble compound s« 

Thereoqly remains to decide between the acetous and the fid stU waft 
malic acids, which are themed ahandant in the vegetable 
kingdom. The firft forms, as is well known, friable eotn- Bulk, 
binttioos with all the fubflanc** with which they are capable 
of anion; forae of them are even defiquefeent. It is befides 
the meft frequent refult of the operations of natusem the 
vegetable and animal. fy Items, fince it is formed by vegetation* ? 

by fermentation, the altton of the more powerfol adds, and 
by the influence of heat, ,, 4t * t 

The combinations of the focond are for the moft part In* Bat tbs mdfo- 
foluble in water; that which it forms with lime particularly, 
is not fenfibly foiable, but when there is an excefs of odd ; limit 
and its exigence in . nature is by no means fo frequent as that 
of the acetous acid ; and as the lime which is found in the 
t/anfpareot gums has been inconteflibly dilfolved in the juices 
of the vegetables which produce tbefe fubftances, it is amch 
more probable, that (his earth is in them combined with 
acetous acid than with any other. 

It is aifo probable, that the fmall quantity of potafb which The pocsfli Id 
I found in the a(be* of the burnt gums, is united to the fame ***** 

aci d M which explains why thefe fubflances are fo fcftflMe to 
humidity, and foften fo much as to prevent (heir pulverfeg* 
tipn* 

1 am, however, much inclined to think, that in certain Ssa* gmtssArf 
opaque adrocanib gums, which are <of difficult foUrtfon, and p^mrpsfwi 
yield much Hum on incinerator), this earth is combined with tMn 
malic acid* I have bad occafion lately to examine a gum 
gathered by M. PaliHot Bauvois, front the coahineal nopal, 
winch was opaque, fweiled with water, did not dlflblvw 
uniformly* and which yielded eight per cent, of lime. And 
a* the fop of every cactus which I have analysed, yielded 
sm or Ms acidu l o us m a late of lime, there k great reufro to 
believe, that the fpecies of it which nourifbes die cochineal 
contains it fikewHe : and that it h the pr efc aqs of this foil 
^proceeding from (be vegetable, and diffolved in the fap along 

V*l. XII. — D&ckubir, 1S05. S wMl 


Digitized by Google 



858 FUXE COBALT. 

Ceitfrt! itftjftM tktigu*, j which caufes iU opacity ^ and, ojbftruck it* 
folution in water. It refult* at lead from tbefe experknants, 
that the gams contain, firft a calcareous fait, mod commonly 
the acetate of liraejfecondly, fometimes st matate of tide 
with an excels of acid ; thirdly, phofphate of lime ; fourthly 
apd lafily, fome iron which is probably alfo united to phof- 
f phone acid. 


Zaffire detonated 
with charcoal 
JMatoc* 


Fufion with 
hhfkflax. 


.The metallic 
button again 
detonated. 


Uxiviatlon . 
Jepantes the 
acid and arfcnk. 


Nitrkicid , 
diffolres the 
cobalt alone. * 


Evaporate and 
rediflohre.J 


ite end 


VII. 

Method of obtaining Cobalt pure . By M. Tao m s d o & f ^ 

Four parts of zaffre well pulverized are to be milted 
carefully with one part of nitre, and half a part of charcoal 
in powder : this mixture is to be projected in fmall quantities 
into a red hot cracible, and this operation repeated three 
times, adding each time to the refidue new portions of the 
nitre and the charcoal. 

The mafs refulling from thefe detonations ooght to be miked 
with one part of black flux, and exposed during an hair in 
a crucible to a red heat. 

The whole is then to be left to cool ; the metallic cobalt to 
be feparated, pulverized, mixed with three times its weight 
of nitre, and the* mixture detonated with the precautions 
above mentioned. 

The iron contained in the cobalt will thus become ftnmgfy 
oxidated, and the arfenic acidified combines with the potmlh : 
The mafs pulverized is to be lixiviated many times, and re- 
pe^tedly, filtered ; and thus the arfeniate of potalh formed 
will be feparated from the infoluble refidue that contains the 
cobalt, 

This refidue is then to be* treated with nitric acid, which 
diffolves the cobalt without attacking tlm irou which is found 
oxidated to its marimutn of oxidation, 

. The folution is then to be evaporated to drynefs, the refidae 
rediflblved in nitrous acid, and the liquor filtered, to feparate 
the Taft portions of the oxide of iron, which might have 
efcapcd in the firft operation. ' , 


* From the Annals de Chimie, Tam. 65. 
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- All that remains to be done after this is, to decompofe the Precipitate the 
nitrate of cobalt by potato, towato the ptecspilcUt mh 
effect its reduction by means of heat. 



VIII. 


A new Method of extrading Sugar from Beet-Roof* 

By M * Achard*. 

The roots of the beet, after being properly clean fed, are fleet roots *re 
diced and prefled. The juice obtained is thick, and of a deep 
colour: it contains, betides fugar, albumen, fecula* and feparate*. 
other matters from which it mutt be cleared, in order to 
obtain the pure fugar* In this procefc of reparation it is, 
that the art of procuring fugar from the beet-root con fids. 

In a boiler of tin, or of tinned copper, mi* 100 lbs* of the Onefe&hfftrt 
juice of beet root with 3J ounces of fulphuric acid diluted 
'With one pound of water ; then ppur it off, and let it ftand juice, and after 
for 12, 13, or 2+ hours; 12 hours are fufficient, but 24 will ^J^* ** 1 * 
not be detrimental to the. procefs, as the acid prevents any ^ one pan of 
change in the juice. In order to feparate the fulphuric acid, The 
put into the liquor 7| ounces of wood atoes, to which add ~ 

foon afterwards, 2 ounces or 6 j drachms of lime flaked in feparare*. 
water* The fulphuric acid coagulates the albumen, the wood 
atoes, confifling chiefly of lime, and the lime itfelf feparate 
in their turn the acid, in form of an almofl infoluble l'alt* It 
wilt here be recollefted, that in the Well Indies, in the fa- 
brication of coarfe fugar, and in the refining houfes ,of Europe* 
lime is ufed to aflift the reparation, and the cry flail ization of 
-this article. ' 

** After this firft operation the beet root mull be clarified ; Farther puri/U 
for which purpofe it rauft be poured into a boiler fo placed f atio J bjr 
^as that the fire may aft equally upon all the whole furface of 
the bottom, m which it it to be heated to a flate bordering 
upon ebullition, but mud not be differed aftually to boil. 

After drawing out the fire, the fyrup is to be fkimmed till; 
the ikum arifes in blackiflt flakes. The liquor is now. to be v 
filtered through flannel* which mud be done with caution, 
fed the dregs pafs through with the Jyrup. The ikum and 
the dregs are good for fattening fwine. 

. * Van Mom’s Journal, Vol. VI. 
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Sri46#r*p«n- 

tion* 


faftfctfr publica- 
tion by fob- 
fidesce. 


Evapdcadoa till 
the Syrup draw? 
a thread* 


CryO*H»r«t?©n 
or graining in. • 
warm tpart- 
xncnt. 


The meU&S 
drawn off 


leave coarfc 
fu§pr v . 


Improvement. 


The fyrup, thus clarified and filtered, is placed in a (hallow 
cauldron, to the depth of not more than fix inches, and 
maptoMKtaver k brilk fise, whereby it U prevented from 
bscotnlng'm liquid fecCbarine mucus, which refids aH attempts 
tocrytlaTfize il. 

WhbotwdiCod loabo»t owe half of its quantity, 4he fyktip 
is tootle ptiWedirttw fin vdSbk about fix feet in height, and 
half a foot in diameter, with cocks about fiiclncbesfrbm the 
bottom. It mud here' be left for two or three days, during 
winch lithe ft precipitates whatever remaining im p u rities 
it may contain, particularly gypfum. At the end of this* 
period, the liquid may be drawn clear of& and replaced in 
the (hallow boiler, but only to tiie height of three inches, to 
evaporate ; tHe fire to be gradually augmented, as the fyrup 
thickens, until it be in a (late of ehpllition. The fire U then 
to be damped to prevent the fugar from burning, wbiqh 
would render it unfit for cryflallization. 

When the fyrup becomes fibrous, the fife is to be ex- 
tinguiflied. 

In about half an hour afterwards, the fyrup is to be poured 
into cones, of which the mouths are flopped with linen cloths, 
and containing a little coarfe fogar-candy, grofcly pounced. 
Thefe cones are fet in a room whole temperature is from I0 Q 
to 20° of Reaumur. 

When the feveral operations have been d^xteronfly ma- 
naged, (lie fugar will cryftallize in 24 hours: but if U& eva- 
poration, or baking, has been too hafty, the whole becOtnOs 
a granulous mafs, with the interftices filled with mel*fle$, 

When the fugar is well cryfiallfeed, the mouth Of the cone 
is to he opened, and an earthern vefiel placed under to catch 
(hemelafies: this operation, according as the fyrup has been 
more or lefs baked takes three or four weeks. 

' /The fubfiance -remaining in the cones, of a yellow colour, 
more' or lets tinged with white as the baking has been \y<*Il or 
J ill <pondu6led, in granulated cry Hals o£ variops fizc* is (he 
cOarfe fugdr ofbeel-roof. * * 1 

Mr. Achard, in order to fave time, and iO avoid the ifepf 
Vcifels for fettling the liquor, ' afterwards deviated Yrofn his 
original plan, by adding to the fyrup, when half evaporated 
‘as above deferibed, for every tw cl ye quintals ot foots ufed, 

five 
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five quarts of (kinimednulk, and (hfcrtly aftetwrd»ia» 
quart of vinegar* .Hie theo proceeded withtbt fesotwl eva- 
poration in the boiler. ® . , . w 

This.fugar by ^fining may be mode toanfwe? |Jl .4h0/hfes 
efthast^rf the Weft Indies, and may ^ rendered etjeeUjr 
white by the ofual procefs. 


m 



On Nickeline (NiccoJanum), a Metal in many Refpe&s rejcm • 
bling Nickel, lately dijlovered by Dr . J. B. Richter . 4 

I HAVE long fince conjectured in analyfing the cobalt ores Sofridon^rfa 
of Saxony, that they contained, befides cobalt, arfenic, cop- U ^ u 
per, nickel, and iron, another metal which refemhled nickel 
in many £ its properties, but the means which I have hitherto 
employed to Separate it did not before afford me any fatisfac- 
fo^y re fulls, , 

I was chj^epy furprifed that nickel, after being purified by Remarkable 
the ikpiid procefs from cobalt, iron, and arfenic, and after dolredrfhMi 51 
Jhat Reduced without the addition of a combuftible body, and arfenic and 
never formed a mafs, but was always found difper fed jp final l S^fcd in* 0 * 
particles in a h* r d heavy mafs, which had the ^PP^rance of (hiall globules 
the remains from vitrified copper, 

ThU hard, matter had no metallic luftre, neither was ll at. through ajwrd, 
teamed jiy the magnet ; Its colour was of a blackifi) grey on g^eymafc. 
the furnace, with a fipall degree of brightnefs ; and in poyvder 
it was brown, gr 4 eyi(h, and green id). , 

Some weeks ago I endeavoured to reduce per fi aim oft half Ecperimcnt with 
a pound of oxide of nickel, which I had purified as well as 
poflfible by the liquid procefs, for the gr$ji left pari of a year, nickel, 
at a confiderable expence: as this oxide was not of a Jjvely 
green, I thought this was caufed by the “ extractive chatter” 
which might be in the *p?ia(h employed forth* precipitation 
, of the fulphate of nickel from the amrooniacal preparation : it 
is true that this* triple combination had not that beautiful 
grafs-green colour which it commonly had ; but I thought this 

* 4nnalts 4s Cbimis } LXIV. 

might 
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might fee £atfffed by the fttbftHotion of the potato to th* am- 
tnonia mixed with the copper, which could not be feparated 
but by the reduction per fe. - 

Only* fell From thefe ideas I hoped to have' at lead four ounce* of 
wck^ui^ mift P cr ^ e ^ P ure was difagreeabljr furprifed by fiwt- 

vru obtained, ing in the crucibles, which were deformed in the ufiiaJ man- 
ner, and perforated by the vitrified copper, a rough mats 
with the appearance I have before mentioned, and which 
contained only a morfel of about two and a half drams, and 
confequently only five drams of pure nickel in the twocru- 
The denfe ac- cibles. I reduced to powder in an iron mortar the remaining . 
C< at P ^ 1 vw?then ma ^ s cou ^ not properly be called fcoriae), and fepa- 

pulverised and rated from it by the (ieve and the magnet, the particles of 
th Ln>v k the fCpa ~ n ' c ^ e ^ which might contain, which produced near two pnd 
magactao/by a half drams more; and that nothing might be loft, I treated 
nitric acid. the powder with nitric acid, which attacked it vigorously at 
plk^totte "rtt f f anc ^ f> ave a Elution of nickel, but after that did not 

gave no more a£i on it in the leaft, fo that the powder w as but IHile (limi^ 
regulus. nilhed in weight : in expofing this matter to redu&ioo per 

v it produced no regulus, but merely agglutinated its parts. 

The mats being Having again pulverized the mafs, which weighed almoft 

again powderad 4.L ounces, I mixed with it one ounce of charcoal in powder, 
wag urged with * * 

charcoal, and and expofed to the fire of a porcelain furnace during, eighteen 

affbjdedmflte hours, in a crucible clofed with a luted cover, in a part of 
weight of metal the % furnace which feemed to me to have muft heat. After 
in one mafs.^ having br6ken the crucible, which was in a found fiaft, I 
found, under a fcorta of a deep blackith-browu colour, a w«U 
fufed button of metal which weighed two ounces gnd three 
quarters : it was not at all connected with the adjoinit^ parts 
of the fcorie, and had at its inferior part a particular fbape, 
which was caufed by cavities which were not produced by 
the crucible. 

It was feel co~ This metal had the grey colour of fteel, inclining a little to 
\u V 7!^ re< * 5 ** P 1 ^ 01 ^ * n ’ ts fraflure a grain not very fine : it was 
malldab k, rat h er hard : could be extended a little usrder the hammer in 

tical, toe, a cold ftate: heated to rednefs it endured little the, ftroke* «of 

. the 4 hammer: It was attracted by the magnet, but net fo 
itrongly as either iron or nickel: it had many properties com- 
mon to nickel, but it was difthfigoHked fnom it entirely; by 
* plhers. As toarfy pf thefe properties mere fitch, tbff tbofe 

pot 
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well acquainted with nickel in it£' perfaSUy pore ftate 
mrgkt takte itforthat metal, I have called it Nickeline (fNio Namc &**<?**• 
co&nutmj 

The nickeline was free from all the metals which are found 
in the cobalt ores, except a little copper. 

The fpecific gravity of caft nickeline, which enters more 
readily into fufion than nickel, is 8,55 ; and of forged nicke- dUJWVHic *■ 
line 1 8,60. On potting k into nitric* acid and heating it, it 
is attacked more quickly than nickel: I remember having 
obferved an equally violent action of nitric acid on nickel 
reduced by charcoal, which I then confidered as pure, and 
which I diftolved in order to precipitate from it by potalh an . 
oxide, which I might reduce per fc. 

The folution of the nickeline went on well ; being come to 
the point of (aturation, it had a blacki(h~green colour, and 
attorned a gelatinous corkiftence, 

I employed my fir ft care to Separate from it a part of the 
iron which I thought it contained, and left it to dry a little pc»d. Refidii* 
over a fpirit lamp c the roafs became oontiouaUy of a deeper a h^k powder, 
green, and in approaching to drynef* it gave put touch red 
vapours, and the reft doe became of a blackilh grey ; I added 
dklilted water to it, which diftolved but little. of it, and that 
which was diftolved was an inftgniftcant quantity of nickel. 

I poured muriatic acid on the blackilh powder welfwaihed, mu * 

Whid* gave a green' folution, in dkengaging a ftrong odour Grew* tblutloaj 
of Oxigenated muriatic acid. , jkjch 

The muriatic folution was, as well as the nitric folution, ofdiih mafst£at 
Vdecp black ifti grafs-green colour: being evaporated to dryv tura * s rce a ^ 
nefs, it produced a reddith mafs, which became green in a 
moift air, and which communicated the green colour to water 
in which it was diftolved. 

This dark-coloured oxide of nickeline was infoluble in nitric oxide of. 

mc kff lme not 

acid, and in fulphuric acid ; but if fugar or alcohol was added, folubie io nitric 
the folution took place with facility at the boiling point . , 

The fiilpbate of nickeline, being, combined with water, js combu&ibk 
alftvof a blackilh green ; but it a^unes.a pale red colour Qn msuer? 
being deprived of the water. 

If carbonate of potafh be added to the. pieced ingjolutiopui Predpiute by 
of nickeline, it orations a precipitate of blue carbonate °* J 

nickeline/ inclining a little to grey and gretm,, 40 Kl jof a pale* 0 u 
tfal : This combination livery bgb4 andTok, andjidiifolv^s in 
* * the 
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’ ' _ * • ; - v /* ^ * 

: jX.' ^ ***<** * frreug cServefcence. I remember 

Wi fenpc^r^obi^ ettw^pkfrtyfmtd 

not then to have exaurinecHr, cOTTfiderifig' it as a rnixtiqre of, 
iron, nickel, and ariaftic* (Wfiteh Wt fcohtihually made kfe^f 
noticed by it* odour of garite); But at ttft I fufp$$ed . its, 
nature. . . . .. ■ T*. *" ^ v 

by cauftic pot* If the foHitton of aided bfe is decompofedby cauflic 

it gives a precipitate which refembles in its colour c^rbuMt^ 
Qfcfymae $ that «* to fry , >k n of a deep greenjtb-bhie, ‘ which . 
does Slot change when it is waftied ; being dried with a gentle . 
hkat, itatfyroasa peleookntr, which becomes deeper when it 
is moiAencd' with water. , ; 

by a mmo o i i* If any of the foregoing fohxtiofis of hickelitte fe mixed with 
amhionta to exce&t the lupior aftimes a pomegranate red co- 
lour, and remains tranfpafent; which proves tbkt it ipes not, 
Contain any iron, beaufe that this latter is not foluble #,0t , 
ammonia. By candle-tight this folotion is with difficulty d[f-^ 
tingoUhed from that of.perfe&ly pttre nickel ; but by day^ T 
fight, this latter is of an ametbyft red colour, a$ l have elfe- r 
wfrere remarked* k 

Points of com- I (hall now compare the principal properties in which mp* - . 

pklwlin^and 611 kdine refembles altogether, or in part, nickel or cobalt, ahd ^ 
nickel or cobalt, thofe tn»which it isdiftindt from them. , i 

It refembies cobalt — r ^ 

JWbnbhnco of *• By, its property of foper-fatwratihg iffelf with exigjm at / 

Bickefiae and the expepce of the nitric acid, and tints forming a body which t - 
refembles the black oxide of mangenefe with regard to its 
fallibility in the acids : £. By its property of not being re- 
dadble bat by 4be intervention of a combufiible body. 

It differ* from oobalt— < - 

Difference* be. 1. By th£ blackilh-green colour of Its folutions, even when 
they are entirely npetralueed. It h known that the neutral J0 
fohvtkms of cobalt in the iolphuric, nitric, and muriatic acidv , 
are of a cyimfea-yed colour; and that the muriate ef cobalt . 
alone becomes of a greenilh-Wue op being deprived of its 
water : from whence it happens that an excefs of add pro- 
duces this colour, becaufe it combines with the water : With 
the muriate of nickeline precifely the reverfe takes place; 
when mixed with water it is green (although of a lefs beau- 
tiful colour than the cobalt without water), and when de- 
prived of sis water it becomes feddifiu**'#* By Ike cotour of 

to 


Points of com- 
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la carbonate; that of cobalt is pf a hw|uliftil popp^blilc, tut ' b 
be carbonate of nickeling is a Uoi(h-gfebB inclining to apaTe 
grey. — 3. fey the colour of its oxide precipitated without Cair- ’ 
oonic kcxcf : lhat of cobalt is of a deep Hpe, and changes ott ( 
waftiing to a black i(h- brown ; bat this oxide of nickeline is 
of vl jgreenifh-blue, and its colour does not change. 

Nickeline refembles nickel— 

I. By its ftrong magnetic qualify ; although tl>it is not fo Re feibbl anow 
great fcs that' of nickel. — 2. By its malleability, which bow- rfciibL 

ever is lefs than that of nickel.— 3% By the deep green of its 
folutions; although this colour is not fo beautiful as that of 
t,he folutions of nickel. — 4. By the lets of this green colour 
when its neutral combinations are deprived of water. — 5. ’By 
the colour of the acid folution with aa exceft of ammonia, 
which cannot be well perceived by candle-light. 

Nickeline differs very diftinfily from nickel— 

1. Becaufe it cannot be reduced without a cornbaflibfe Differences bt- 
body added to it. — 2. Becaufe nitric acid attacks and oxidates 
it more eafily. Nickel is not near fo readily ailed on by the 
nitric add if it is not mixed with the nickeline* which aim off: 
always happens with the magnetic nickel which is eortfidered 
to be in a ftaie of purity, and which has not been reduced 
per Jb before my difcovery. — 3. It alfo differs from nickel by 
the property firft mentioned of thofe i o which it refettibles 
cobalt.— 4. \y the colour of its combinations with the adds, 
when deprived of water ; This colour in nickel is almOft a 
buff (chamois), and in nickeline a reddith, except In the 1 
nitrate of bickelinej which cannot be deprived of water with- 
out decompofing it. — 5. By the colour of the precipitates, men* 
tioned in the fecond and third articles concerning the prepen- 
ties wherein this new metal differs from cobalt, which are m 
thofe of nickel of a green colour . entirely different from thofe 
of nickeline, which latter are of a much more agreeable 
greeh, e$eciaHy thofe of the carbonate* 
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Letter from G. Cumberland, £/£. cm a Ptojefk for t sten ded 
Road t on the Principle qf the inclined Plane. 


To Mr. NICHOLSON. 

SIR, 0£. 26, 1805. We/lon^Jupra-ifftrc. 

Amount of rail* j^\bOUT ten, years ago having frequent occafion to remark, 
1 v and fuffer from, the miferable (late of the roads from Staines to 

London during the winter (Won, I ventured to propofe (not 
having at that time either feen or heard of rail-roads) a plan 
which I called a truck -road for the whole of that ftage, becaufe 
it was intended to convey all forts of goods and even carriages 
on trucks, going to town on one fide of the old road and re- 
turning by the other. 

communicated This plan I fent fotne time after to Dr. Anderftm, wt&« 
toDr. AndeHon. ( j rttW j n g > f or |,j s Jt ecrea ii 01JSt but by f omc accident it was isif- 
laid and loft; and the reward of my trouble was the fly fneers 
of my grave Windfor neighbours, to wboro it was known, 
accompanied with a fort of pity for beads capable of propofing 
fuch eccentric inventions. 

Time however revenged my c&ufe, by Showing them the 
pradicability of fuch fchemes in the progrefs of the Surry 
undertaking. 

At the fame lime another plan of expeditiujs conveyance 
occurred to my mind, but which I was deterred frbm then 
producing owing to the cold reception my firft contrivance 
met with — And as no one, as far as I can learn, has hifherto 
brought forward any improvement of the kind (although fo 
very obvious that it might eafily be fuggefted to the mind of a 
child who had heard of roads on inclined planes,) I lake the 
liberty to recommend it to your patriotic publication, convinced 
that whatever may, at one time or other, be of fervice to man- 
kind, will be always fure of a favourable reception at jrour 
hands. 

particular de- The plan I propofe then is this: — That all difpatches and 
tail. Difpatches p 0 ft.letlers may, wherever it is compatible w ith the indina- 

may be rolled in \ 1 ■ 

% fpherical cafe Uon of the ground, be conveyed ten or ntteen miles to and from 
dtad tfumnch* London by means of iron or wooden Jhells qf a globular form t 

rolling 


Another plan 
by an inclined 
toad. 
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1 'cttkig in a cylinder of brick or ftone . When clofed and locked, 
a doe momentum being given at a proper elevation, it is eaf y 
to fee that their (peed and fecarity muft far furpafs any pthc* . 
mode of conveyance that we at prefent know of; and all that 
would be neceflary in addition to the machine would be to have 
proper beds of fand or. wool bags to blunt their projectile force 
at the end of their career* 

I (halt not at pfefent enter into the difcuflion of the bon- 
flruCtion of the tube-road, or go to a calculation of their ex-* 
pence; but if you think the bare hint worth pubfifhmg it will 
give me pleafure, fliould the idea be approved, to go into all 
the minutiae of their utility in other retpeCh, and the means 
of their ultimate ar c ompliftnnent ; 

Being always. Sir, 

Your obliged humble fervant, 

G. C. 


XI. 

On the State of Provincial Societies for Scientific and Literary 
Improvement. By a Correspondent. 

To Mr, NICHOLSON. 

SIR, ; 

Being in the cuftom of vifiting Aberdeen, in one of my Great advance 
laft tours, I Inquired if there were any Antiquarian or Li- ••• 
terary Society, or Subfcription Library there, and was much 0 f Aberdeen 0 ** 
furprized to find neither one nor the other; there is, I was the efta- 
told, an Athaeneum, in v\hich a good number of newfpapers,^*^j^y* 
and fome of the moft refpeClable periodical publications, are &c. 
taken in,, and jn a room above that, a circulating library; 
this la ft I knew to be the property of two very refpcctable 
bookfellers in Aberdeen, and I believe the former is alfo, but 
the two united by no means effect the utility of either a lite- 
rary fociety, or a fubferipiion library, in tihich ihe books , 
are the property of the members, and whofe concerns , fuch ds 
c hoofing and ordering books t and the like , arc conduced by a com* 
mittee , chofen out of the fubferibers . Few of thofe who know 
that there is no fuch inftitution there, when lh6y confider the x 

refpeClability of the place, either in a commercial or literacy 

view. 
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view, bat mad feel great)/ aftonifoed ; and more particularly 
' wUUhe w^nt appear, wbea it is alio known* that inMontrafe 
Arbroath, Dundee, and Perth* places much fmaller than 
Aberdeen, and not poflfeding any college eftabli foment, there 
are fubfcription libraries* on the above plan ; nay, that Perth 
hath alfo an Antiquarian Society ! Subjoined is a lift of fome 
otter places in North Britain, enjoying the advantages of fuch 
eftablilhments as I would recommend to Aberdeen j fame 
of whom, it is obvious, have not near the profpedt of fiiopel* 
that that place could command. 

Glafgow, Paifley, Greenock, 

Kilmarnock, Linlithgow, Haddington. 

On the borders of Northumberland, Dunfe and Kelfb^ 

The annual fubfcription to none of thefe is more , in fome 
gales not Jb much , as to the Athaeneum of Aberdeen and others, 
and they all poflefs very excellent and incrcafing feledioos 
of books. 

I am, Sir, 

Your's refpe&fully, 

* ' A TRAVELLER. 

York Hotel, Bridge Street, 

Black Friars . 


•nd to ocher re- ~P. S. I am forry to be informed that neither Invernefs, Banff, 

* nbc* or Peterhead, poffefs fuch inftitutions, particularly the firft, which 
op r* * p re f en | s f uc h an abundant number of objects to the antiquarian, 
and is furrounded by, sn'd contains, fo many gentlemen of 
diftinguifoed liberality, and ingenuity; at this place thenQrtbem 
V. meeting Was 6ft ftbliflied for the avowed puipofe o protoblmg 
intercoarfe among ft diftant families, but how much more might 
tetdfe&ed of general amelioration and comfort, bythe j elia- 
bl i foment of a Literary and Antiquarian Society, in which feb- 
je&fc connected with general i m provement might 1>e difqrt^d, 
Ml books hr chemiftry, agriculture, and other njqre imme« 
• dfateTy u&fut jparts of knowledge, : \ 


Notice 


Digitized by v^ooQle 



WASTEFUL NEGLIGENCE 




X1L 


t il, f ; 


Notice of certain IrtfM&t'qfwaftefld Negtlgcnct ik^birttF^rkM^ 
in the North. By an Enquire*; ' ^ v 


To Mr. NICHOLSON. 


« 3tJS 

.be.: 


SIR, Leniott r OS. 10*1109* 

It is mentioned in the Slatiftical Reports of Banff and Peter~In&*neeief 
head, that the fiffiermen there never think of carrying their 4(h 
along the coaff fouthward, which they might do, to Leith, in fiihcrks. 
24 hoars, or with a good briflc wind to Berwick- upon-Twped, 
or eren Newcaftle-upon-Tyne : but when their rqlpeQjve 
towns are fup plied they throw the remainder upon the dtmgktiU 
for manure l this was pofitively affirmed to me as a truth, by 
a gentleman of great refpe&ability of Aberdeen. — At Arbroath 
another ctiftom equally as extravagant in its kind prevails^ 
and of which I have been a wilnefs: the crab fithery there is 
fo productive, that after boiling them, the bodies qf the crab* 
are thrown away, and the large claws only brought to table ! 

Ought not fuch amazing wade to be remedied ? * 

Your’s refpe&fully. 

An ENQUIRER. 


2QH. 

On, Bile. By Af. Thenar of. 

Bile has been commonly cpnfidered as a fapateceeUs liquor BUe confident 
charged withalbumej} : but it bas been, found, upon defer in* “j^JP*** 
ve (ligation, to prefenl phenomena which cannot be accounted 

w £lu. What may the value of manure procured from ftb at theft 
places,' compared with the price of the article at thq neighbouring 
mkrfceb, lfebjcft fo the deduction of carriage (co^tfwtfe), and th* 
effed of a rival fuppty from nearer parts of the cok(f>— Tfte fads 
which would folve this queftion, would ftew whether the fiftetmen 
negled their interefts in thefe proceedings.— W. N# 
f Bulletin des Sciences, No* 95 • 

for 
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Deftru&ive dif- 
ttliidon leave* 
ene-eighth, in 
which is only 
one- fifth of 
fix la; and this 
cannot faponify 
the oil* 


Acid feparate* 
oil and albumen 
from bile ; the 
clear, fluid is 
bitter* and af- 
fords by evap. 
a refiduum* 


The oD with an 
alkali and albu- 
men is not bile. 


V* 

♦ 


Bile contains a 
peculiar matter. 


Acetite of lead 
precip. the oil 
and alb. The 
liquor by evap. 


for merely the prefence of thefe principles : this is more 
.particularly to be obfarved on fubmifliug it toUhe action of 
fire and of acids. ' * . - / 

• Biie^ if diftilled to drynefs, leaves a re^ugtp equal, to -Jth 
of its original weight ; from 100 parts of which cabined is 
obtained a carbonaceous matter, coiuprifiqg feveral kinds of 
(alt; as marine fait, phofphate of foefej. fulpbat? ( of foda, 
phofphate of lime, oxide of iron, and four parts of foda. Bile 
therefore contains no more than parts of its weight of Cods. 

So (mail a portion of alkali would not be fiififejent of ilfeff 
to diflolve that quantity of oil which is known to exift in. bile: 
a fair preemption may therefore be entertained that this li- 
quor contains forne other property to fupply the abfence of al- 
kali. This conjecture increafes to ft rong probability, if not 
tp abfbfute certainty, in attending to the a£lion of acids on 
bile. 

If a few drops ' of acid be m'xed with bile, a liquor of a 
reddifti tint is obtained, which ftaiqs paper of a bright 
yellow. In this experiment little or no precipitation. is per- 
ceived ; but on the addition of more acid, it takes place abun- 
dantly : the matter depofited confiftsof albumen joined with 
a very fmall portion of oil, not at all correfpondent to the 
quantity of thefe fubftances to be found united in pure bile, Tlie 
liquor remaining after filtration is of an extremely bitter tafte, 
hnd leaves on evaporation a refiduum equal to what is ob- 
tained from a like quantity of bile in its original date, 

«On diflolving the oil, which had been previoufty obtained 
from bile, in alkali, and adding to the ley produced, a portion 
of albumen, a combination took place which was decompofed 
by the moft feeble acids, and from which vinegar precipitated 
all the oil. This combination, therefore, was not bile ; con- 
fequently ffie confifts not merely of, albumen, oil, and foda; 
and this is the reafon why foluble falls, batjtes, ftrontian, lime, 
and feveral metallic diftolvents, make no imprefiion upon bile. 
No longer doubting that there e*ifted in bije a matter peqpliar 
to ilfelf, I endeavoured to feparate it; and after a few triab, 

I fucceeded, by means of a combination of acetous^cjd with 
leadw . 

On pouring into bile acetite with a flight encefe of qxideof 
4ead (that is, acelite of common lead bpifed witfi about the 
6th part of its own weight of litharge deprived of its wNbonic 

acid) 


r 
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^kcid} the whole of the albumen and oil were precipitated; the PJJ* * glance 
liquor being filtered# fhe oxide of lead and acetite were fepa- p-r ^ 
rated from it by means of fulphurated hidrogen ; and by eva- 
poration, after having again filtered the liquor# a fub fiance 
was obtained Vvhofe flavour was at once faccharine and acrid, 
fomewhat fimilar to the juice of certain kinds of liquorice. 

But as this fubflance was flill fuppofed to be charged with the 
falls of the bile, changed into acetite# by the acetite of lead# 
it was precipitated with acetite fuper-faturated with oxide of 
lead# containing one part of the quantity of acid found in com* 
mon lead ; the precipitate was difTolved in vinegar, to free it 
from the fulphurated hidrogen, filtered, and again evaporated ; 
by which means the matter was obtained in its greateft purity. 

Its principal qualities are : _ had the peculiar 

1. Being foluble in water# and in alcohol# flTgKtty tleli- 

quefeent. * ^ 

2. It is not precipitated by acetite of common lead ; but is 
entirely fo by the falurated acetite of lead, which precipitate is 
foluble in acetite of foda# 

3. It will not ferment with yeafl; will give no ammonia 
by diftHlation ; and is not affe&ed by the prefence of nut* 
gall. 

4. It difToTves the oily matter of bile : but to facilitate this 
operation, it is neceflary to diftblve the two matters together in 
alcohol, evaporate# and wafh the refiduum in water. One 
. part of the faccharine and acrid fubflance difTolves only three* 
fourths of the oily matter. Now, as thefe matters are nearly 
in equal proportions in bile itfelf, it mud be admitted that 
foda contributes towards the complete difTolution of the oil; 
neverthelef* acids fcarcely# if at all, affedl it. 

In refledling on the above experiment and its refults# I con* Bile confifttof 
eluded that bile was a triple compound of a little foda and 
much oily and faccharine matter; that acids decomposed it fecchariae nut* 
but in parif ; in other words, “that it was capable of containing tcr * 
an excefs of acidwifhoutTiaving its portion of foda neutralized. , . 

I therefore calcined bile that had beeu acidulated with fill* 
phuric, muriatic, and other acids, and found in each cafe the 
foda left in the calx : it is therefore very probable that thefac* 
charine matter, in c©rijun6tion with the oil# decomposed a 
certain quantity of marine fait, and deflroyed the power of the 
s acid. 

It 
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OV sitl. 

It wonTd have been of lUHe Jenric* to defe ri b c jlhp COnffT^ 
ttffeot parts of bile, had their proportion* been left niwftwrtnwird ; 
1 have therefore endeavoured to determine them leHow* 
inganaTyfis : 

By means of nitric acid, I fepar*t*d the anient fnb^BDce, 
which is feppofed to be albumen. With a verj fmall p o rtion of 
oil : this being (bluble in alcohol and the other not, it was 
eafyto afcertain the weight of each. I then pree fi p Ubfe cad all 
the oily matter, with acetiteand a (mail excefs of oxide of lead : 
this precipitate being mixed with the metallic oxide, I diflolved 
it in weak nitric add ; after filtering the liquor, I rinprirrl 
it of the lead which remained, by means of (ulpharated hy- 
drogen; and by evaporation, I obtained thcpccoUar frbftance, 
mixed, indeed with the falls of the bile, which bad rti o ffi y 
undergone a change by the acetite of lead, and whofe weight 

had noted. 

I afeertained the quantity of ioda by calcining 106 parts ex- 
traded from bile, and comparing with much care how modi 
•the refiduum would imbibe of acid at 16*, with the quantity 
Imbibed by pure foda. I alib, by means not neceflary foliate 
here, obtained the quantity of each of the other bits con- 
tained in bile ; from all which, experiments, made with the 
otmoft care, I conclude that 800 parts of the bile of an ox 
contain — 


Water 

- 700 Parts 

Oily matter 

- 4S 

Particular fubftance - 

41 

Animal fubftance 

- 4 *• 

Soda 

4 

Marine fait 

- Sj2 

Sulphate of foda 

• . 0.-S 

Phofpfante of foda * 

- * 

Pbofphate of lime - 

* 4 1* 

OxMe of iron - 

. • O* ' 


-799.7 

B. This calculation is tV deficient of Uwgnpenjpnlfy 

Bije forros an inlerefimg fubjc&for anamher of ett a r rr- 
fe*fcbe$: the varieties to be found in the fiw fl f al fpedteof 
animals and which acmiUitade of chfcumfiahcte, partkfekfly 
g ttMHtHdaffcOioa of the organ which focretes it, may modify i 

d • the 
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(tfeMflcftti , *fifeiP&rd (here forriied, and are ofa premmr na*. .*u v ' 
and animal lubftarices; ana (h^Lnarti- ? * ^ ~’ 1 
•^ofa^ttMter/'ilfBBKh^ froin all others hitherto knowii; wijjnbt 
fail to excite a lively intereft, and are the fiibjed of Several t , r 
' Uffcd^'fcpeff Mi&'l purpofe ’fhortty to bring before ^the 

" piKMvt 

• 1 \ • - *■ * ’ <• - *> ' ' • 






n . * 


ifhtqpRi+nfrdm Sir Ge6rg*e Staunton^s Embajjy, containing d 
Dtfcfiptim 6f Fire Works unknozvn in Europe . Propofed by a 
• * Ct>r*ejp9*d*ni tiilh tfTiew to bbtain Explanation of the Means 
' % wkicli they were produced. 

: ' * To Mr. NICHOLSON. 


, mt 

i prelude to think it will accord with the general aim of y«pr introdu&ioxu . 
excellept^ollgdiion to infert the following quotation ; and I 
fnduig^t^e.hope.tb^t your compliance with my toqueft jpr . 
{hatparpofe may, produce an explanation from fome of year 
ingemoi** <pqefppfida\U. 

I am Sir, , 

, f< i; r Your confiani reader, -*•*. ^ 

"■ . P.M. 


** After tim ballets. Fire* works were played off; and even Remarkable 
in the day-time had a (hiking effe£k. Some of the contrivances 
were new toHhe EngKth fpe&atort. Out of a large box, among 
other inftetwes, lifted op to a confiderable height, and the 
bottom falling out as if k were by accident, came down a 
multitude of paper lanterns folded* Sat as they WTued from the 
box, bat imWding themfelves from cue another by degrees* 

As each lantern affumed a regular form, a light was foddenly 
perceived Of a beautifully coloured Same, burning brightly 
^riffl tf%;Meartng doubtMby what delation 6f the fight tnofe 
emodj Of by what preparty of coaboftlble mite- 
sjaUi4fc*y hnoaor thua lighted, without any commomcatiori 
ftom ,tba^oy t()4o4frpfodfice the flame within^ Tbit devokttioti 
a^ rie j ol ap e qi c etere>e v fewal tinea repeated, wkbadHferenc* 

.Vol. kit — Pkcember, 1105 , T of 
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of figure jerefy time, as well as of (he colours, wifc which die 
r ‘ “ :1 Gbiftofe toem to have the art of clothing toe at pleafuve* On 
;eadrfid6 of the large box# was a corrcfpondence of Smaller 
Ibexes, >\vhich opened in like manner, and let down a kind Of 
net work of fire, with dtvifions of various forms, which (bone 
itk^hmnifiied copper, and flatbed like lightning* every sob- 
Mpmbk .ofithe mad*. The whale eadodwidra volcaas^or 
eruption of artificial fire, in the grandefl flile."— Ac SUuyam’s 
J Eaittgf io Chin*, Volume 1IL page 73. 


XV. 


On the Carbonate of Poto/h. lfy Af. Stei*ache& *. 

Carbonate ©f ; CHEMISTS know that carbonate of potato *wetl 1 fafarstedj 
tDbfifmeT^ to efflorefee, can only be formed by making pa k. through 
fifing the gat a cold akaline folution n quantity of cnrbonid idd Tototi^nt 
aUufiM foiudon caufe a fpontaneous cryflallization. For on Hopping the 
till it cryftal- *: difengagement of gas at the moment when the eattfb ^oflhe 
hrevaMireton* ^*1* appears to be depofited, and evaporating the Kqpor by a 
mild heat, there are only laminated cry dais obtained, Which 
fbon ddi^uefee. 

The gentk htst Alkaline ley warmed by heat of tan, according to the me- 
•f Stmuicaa thod of M. Curaudeau, does not fucoeed any better in form- 

■OCS not iHCCCra* . J 

inga well fata rated alkali by evaporation.' I have experienced 
' that hs cry dais grow mold, and the author httufdf ifeknow- 
. ledges a flight deHquefcence. 

Wciter> tppW It is generally agreed, that the apparatus of Wefter^-de- 
fcribed ih.tbe twenty-feventh Volume of the Annates <te Chi- 
le that of Pellc- mie, is too complicated, and that of M. Pelletier has- been 
adopted in Hs place in dlmofl all tahor&torfei, with tome al- 
‘ terations in the difpofitionof the fkft bottlej to which- is fixed 
a tube with a double or triple perpendicular curvatere, for 
the introdu&ion of the acid, or a long pipe*>f gfcfs ter (Misled 
in a tunnel/ The 4 chalk mixed with' water to ^e cbofifleoce 
-^of thin loop, is poured by degrees into ibis pipe, Which is 
flopped by agUfc rod accordingly, and the- gas is forded to 
traverfe the bottles contaming the alkaline ley^ > 1 


tier* 


- .? - ‘ ' ; * ' \ : { ' - 

* From the Annales do Chi rale, Tom. LV; 


This 
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This ertkhed is ifcmy ojfimen attended ilkli much jubta- The tuba 
tomencey.ffcf when a tube with ’tn any per[Jertd»krftexures ftate4 * 
?kufcd, k md be charged with a column, of thh fluid faftifcient 
lor coanterbaJhnce the pfeflare of the carbonic kefd gas, and 
•corifeqttehdy itr giVe an elevation which etpofei it to beeldBy 
broken ; and when a lorig horizontal pipe of gkUs ife employed, 
it often happens that the chalk ii exploded into thb air, when 
the pifton te opened. 

Another method appears to be more Ample and commodious Simpler 
than this, which is foraething like that of M. Brugnatelli, but 
the Ftafian chemffthas not pu bli filed ihe details of his method, 
without which it is impofhble to be followed. 

A kilogram of chalk in powder is to be put into a bottlfe with 
two. or three necks, capable of containing 12 kilograms of 
water ; on this is to be poured a litre of a mixture of one and 
n.balf kilogram of vitriolic acid, with ninekile^amsofi fprjng * 
water : the gas is expelled, and a cruft of fulphate is formed a( ' 

4 hefurface of the calcareous carbonate. At the end of two 

all the reft of the acid water is to be added, and the! ' 
hottJe flopped quickly. Hubbles of the gas will be rapidly 
. 4?fqngoged, but they will by degrees be difeharged more flowly, ! ; 
pnd continue to be fo moderately for twenty-four hours j then 
the mixture is to be ftirred with an iron rod, and tbeigaA will 
continue tote developed ftp 24 hours mprp, with little Uu , 
tpiruptipn. • - V , r, 

I ibupd the term of the offer vofcence proloaged by the re- ' * 

fi fiance which was oppofed to the adion of the. iulpfturic acid 
on the chalk by the denfity which the combination necefi&rily 
acquired,; which denfity the tendency of the fulphuric aetd 
to augment the Mobility of the fulphate of lime, fixed to ft#* 
pprtimks, ‘ 

iAs apparatus/ with the exception of the firft bottle,' is 
the fame of that of M. Pelletier described in the fifteenth Yo* 
lu m of the An Bales, I ftiaM not fpeak of it, bat only « make 
the . following remarks ; 

li. Pelletier wa* wrong in iiegle&iifg to t*fe aaioUnnediaNt 
Jbottie half filled with water a winch m very, neoeffiuy to fopa* 
rate the. fulph uric acid which. the gas always bring* over* 

2. The tubes of aftioeh djaa^jkc, l 'bemg too difficult to be 
bent, may be replaced by others of fcven or eight lines aperture, 
which wiU do-cquelly'well. 

T ? 3. The 
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3. The alkaline folution, made by two lb. alkali io three fb* 
water, cryftallizes too quick, and before the precipitation bf 
the.filex. 

- 4.The dotes of alkali and water moil favourable to ^regu- 
lar cryftallization, at the temperature of from 5 to 10 above O 
of Reaumur, are one part of diftilled water, and half a part 
6f purified potafh. 

If the refults of my experiments (hall improve the prepara- 
tion of carbonate of potafh, and if the difpofition of my appa- 
ratus prevents the neceflity of continually watching its direc- 
tion, by procuring without trouble that gentle and contained 
preflure, of which Pelletier perceived the efficacy for the fata- 
ration of the alkali, I have reafon to think that the true friends 
of chemiftry, I mean thofe who pra&ife it, will confider my 
observations with indulgence. 


XVI. 


Method of preparing a lutninous Bottle , which long preferves it* 

Effea* 

It is eafy to prepare a bottle which (hall give fufficient light 
during the night to admit of the hour being eafily feen on the 
phofphorus in a dial of awatch, as well as other objects, by the following 

on it boiling oil. 

The fluid Will A phial of dear white glafs, of a long form, fhould be 
chofen, and fome fine olive oil fbould be* heated to ebullitioa 
in another veflel : A bit of phofphorus, of the fixe of a pea. 
Ihouid be thrown into the phial, and the boiling oil fhould 
then be carefully poured over it, till the phial is, one-third 
filled : The phial fhould then be carefully corked i and, when 
it is to be afed, it fhould be unflopped, to admit the external 
air, and clofed again: The empty fpace of the phial will 
then appear kemous, and give as much light as a dull ordi- 
nary lamp. Each time that the light difappears, on removing 
the ffopper it will inftanlly re-appear. It is proper to ob- 
serve, that in cold weather it will be neeeffiuy to warm the 
bottle for a little while in the hands before the flipper js re- 
moved, without which precaution it would not yield any light. 


A luminous 
bottle. Put a 
Small piece of 


vacuous fpa^e 
whenever the 
coik is pulled 
out. 


* Sonini’s Journal. 


A phial 
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A phial thqs prepared may be ufed every night for fix 
months; there is no danger of fire from it, and its coft is Very 
fraall, iir " 


XVII. 

Jnah/fis qf the Magncfum Earth of BaudiJJtro in Canavais fin 

the Department of the Loire,) Jcnoun by the Name of Porcelain 
. Earth, and hitherto confidered as a Clay . By M. Giobert.* 

TThE earth of BaudifTero, known by the name 6f porcelain Porcelain earth 
.earth, has been hitherto confidered as one of the pureft argil- ^y^unSne. 
laceous earths known in the hiftory of foflils, and is arranged 
in our cabinets of minerals as native alumine. 

In a manufacture of (lone-ware pottery, which has been ufed as foch la 
eftablifhed at Vineuf, this earth has been ufed for a long time, th ^ ftoi ^ t “y S J re 
as a clay of extraordinary purity. The celebrated Macquer, * U 
and with him Baurae, to whom, fpecimens of this earth were 
fent from the above manufacture, pronounces pofitively that it Various chemiih 
was a clay of fuperior quality to that which they ufed in 
manu faCtory of porcelain at Sevres. 

Do&or Gioanetti continued to ufe it in the manufacture of 
bis fine porcelain at the fame Vineuf; and he engaged* in, if 
npt an analyiis, at lead fome experiments on this earth, to aG» 
certain more precisely the proportions in it between (ilex and 
earth, which he believed to be pure alumen. Thefe experi- 
ments convinced DoCfor Gioanetti, that, with the exception * 
of a little carbonic acid which he found in it, the earth of 
BaudifTero was an alumen almoft perfectly pure, or at leaft the 
pqreft that he had ever met with. 

This chemift, when I made enquiries of him relative lo The damme 
this earth, a (lured me frequently, that picked pieces yielded cent. * 
him fometimes ninety per cent , of alumen, including a little 
carbonic acid, and that in the grofs it yielded conftantly at * . 
leaft 80 . 

On the pernfal of the mineralogical defcription of the mpun. Other author!* 
lain* 0 f Canavais by the Chevalie? Napion, it will be found 
That this eflimable mineralogift has not hefitated to declare the 

• Journal de Phyfiquf, LX. 
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be the moll pure aluhften evgr foijnd id 
^ir> in his elements of miner^lo^, fylf'iiien^' 
tionA the ear th of Baudi Hero as native a! umen. ^ ' 

Contrary to thefe E a $? (° ppfitively averted by fcientific men fo eftimaSfe aS £ 
atfcrtiont thtt Maqoar, Batime, and our colleagues Gioanetti and Napion, 
no doubt of the nature of this earth ^ to which an-* 
m>$» thorities might be added the iuccefs with which Gioanetti c<in* 

3 1^^ it in his porcelain raanufafture. 

mong a number of refearches which I made relative tb thfT 
cial Fabrication of fulphate of alumen, 1 employed myfeff 
on this earth, ancf to my great furprize found that the earth of 
^audiflerp ijot only was not pqre alumen, but did noi evei^ 
contain an atom of it. 

Jmmenie qoan- ' The lovvn °f BaudiiTero is fituated at lead three leagues from 
tibei of fulphu- Ivree and from Brozo, this laft village, as celebrated for if* 
Bautfyitai* iron JPjn^s as 'for the manner in which they are wrought, con- 
tains in a mountain, among other minerals, an ine^haufiible 
.mafs of fulphuret of iron of a remarkable purity, where there 
is eftablityed a uianufadure of fulphate ofiron by the com- 
, ^ultipnof the Fulphur. 

$n inlpeding this manufacture laft year, I was ftruck with 
the neighbouring the fingularly powerful action, whicli the fulphureous acid f 
by fulphureooi forap^d by the combuftion of the fulphur, (and of which a part 
vapours. • expanded itfelf to neighbouring places,) exereifea on thd 
gr«t blocks of ftdne. ’ " * ' ' * ' ’* ^ 

Tjiefe ’ftones were a fort of granite fchirtus; alid the ful- 
phureous acid attacked them fo forcibly that it made them ex- 
foliate, and at laft reduced them to a fpecies of efflorescence. 
Or white powder evidently faline, in which its aftringefrt {alte 
. announced fulphate of alumen. ’ ‘ ’ ’ 1 * ’ ° 

Probability that This circumftance made me think that if a good argil was 
fulphate of jilu- expofed to the adion of the acid it would be alumenaled ; ariJf 
«aight°bc idvtfi- fh'e earth of Baudiflero, which J believed to Be al molt pure 
tagwufly mate alumen, being at TucH an iWcorifiderable diftance, made me 
coriceWe hope of being able to eftablifli with economy at 
» Piedmont, a mahufadure of artificial fulphate of alumen. 

Very promlfing The idea of this eftablifhment appeared to me tb befo much 
loed tivabtages. (he more fortunate as there was at the foot of the fame moun- 
tain which contained the pyrites, a great! turbary, which ex- 
tended almoft as far as ChinfeTIa, that is to fay, almoft to 
BaudiiTero, and which might furnifb fuel at a very fmall ex- 
** ' ' penfej 
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|Mt>fe; and It Teemed to me that nature, in placing at one fide 
an inexhauftible mine of fulphur, and at'the other* iWfexfabft-^ 
ible mattes of the proper earth of an extremely rarfc ptirtt^; * 
and between them an abundant fupply of fuel, if thV&H - 

nioft proper for this kind of work, had done its utmgft ill fk- '' 

vour of the eftabli foment I intended. - / 

There only remained to make Tome experiments with a View Etpwrimia^ 
to afcertain the moft profitable way of proceeding; aiil to P r *P ar » tt,l 7» 
examine principally if the iron which is united tothe - fulphut 
in the pyrites, would not be injurious to the fulphate of $Qu- 
men obtained. 

With this defign I began by examining the action of the earth 
of Baudtflero on the fulphate of iron, and the quantity of thb 
earth neceflary for the decompofition of a given weight of ful. 
pbur. 

Jn the different experiments the fulphate of iron dilTotved The earth of 
in water, and boiled with this earth indifferent proportions 
became evidently decomposed after boiling for lefs than a quar- phate of iron in 
ter of an hour ; the iron was precipitated of a blackifo grey, 
while the folution was colourlefs, and ammonia dropped into was added and 
it formed only a very white precipitate, which did not an- thcli< l uor fet 
tiounce much iron: I filtered the liquor, of Which one part **1 m ' 
\vas mixed with a little potafh, and placed fo as to cryfialize; 
and to afcertain whether there was any potafh in the earth of 
BatldifTero, I fet another part to cryfialize without any alkali. 

I obferved that the liquors cryfiallized immediately after be- j t g a?c f u j p hate 
coming cold; but in the place of octahedrons, I found the of magnefiaand 
moft perfect, the moft beautiful, and pureft cryfials of fulphate 001 
of magnefia. 

The liquor which remained produced, on a new evapora- All the cryfials 
lion, the fame pure cryfials of fulphate of magnefia ; ancl ^i^Kenco 
did the fame on fuccefiive evaporations and cryftalizations to magnefia it an 
the Iaft drop of the liquor, Jn this manner was a natural alu- excellent poive* 
men transformed entirely into magnefia, and at the fame 
fiant magnefia became at once an excellent porcelain earth. .. . 

Jf examples of this kind fhould multiply, the neceffity of che- 
mical analyfis for the knowledge of foffils will become more 
and more manifeft, and lefs reliance vyill be learned to be . 
placed on their external and phyfical character** which at pro-* 

(efit feems to ipe to be too much abufed. 

V • . , T*e 
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More careful^ Tjje above unexpeQed refults engaged me to make# more 
AenSvexLtiuPi^®^ examination of the earth of P^udiflerq, ffpd>>vtriijb i* 
tbe objeaof this memoir. , t ; t v 

At the time when I found that the fuppofed almpen of JJau-r 
diflero in Canavais, was really a magnefian earth, I kne>v of 
00 other example of an earth triply magnefian, but that <&f tho 
earth of Salinelle, or of Sommieres, 'which Berard had madq 
inown (Annaks de Chimie , Tome XXX IX- p. 65 .) 

Oth*r fpecunent In this magnefian earth there is no mixture of any other 
aefi »r VC maS ” ear ^ except filex, and that in a very fmall proportion, of 
>vhich fa£l there are but few examples. But on receiving the 
twelfth volume of Brochant’s Mineralogy, I found that the 
difeovery of a magnefian earth was announced ip jt, which is 
the native carbonate of magnefia found by Doctor Mitchel at 
Roubfchitz in Moravia. From the analyfis yvhich he made of 
if, and which is mentioned by Brochant, we are allured that 
the native carbonate of magnefia of Moravia is compofed only 
of magnefia and carbonic acid in almoft equal parts; but the 
yellowifh grey colour fpolted with blacky which Doctor Mit- 
chel gives to this earth, feems fufficienlly to indicate the ex- 
igence of fome other conflituent parts. On comparing the 
characters and nature of the magnefian earlfi of BaudifTero, it 
will be eafy to perceive the differences which difUnguifh it 
from the other preceding magnefian earths, 

LocMfituatioiipf The magnefian earth of PaudifTero i$ foujid di/pofed in a 
jj* Sflv 0°^ Ve ^° a ^ eal ‘ le roc ^» w hich the mountain is compofed 
that enclofes it. It is accompanied by an horn-ftone, fame* t 
times of a tranfparent pale colour, fometimes, when its de- 
compofition commences, of a white almoft opaqqe.Io this 
ftate the horn-ftone does not appear, to be that of which Do&qjt 
B onvoifin has given the defeription apd analyfis, upder the 
name of the Hydrophane of Piedmpnt. 

It is found in Our magnefian earth appears in maffes, fometimes ip round* 
mafles, lumps, i(h lumps (mamelonnds) and fometimes in fragments more or 
pr fragments. j c f g i ar g e . | um p S an( i fragments are fometimes, but rarely, 
luberculofe. 


Beautifully 
white. . 


This earlh is of the mod beautiful white, in which it differs 
from that of Moravia, of which the colour is a yellowifh grey 
fpotled with black, and from that of Safinelle* or of Sommj* 
eres, which is of a chocolate colour. 
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_ Thehardnefs of this earth is variable, fometimes it u . 

in which flate I (hall call it the earthy fort, and forae pieces 
it have a confiderable hardnefs; as in all my experiments. J 
tried them comparatively, I (hall name this laft variety the, 

Jlony kind, todiftinguifh it from the preceding. 

The ftony variety is fcratched by Heel, fometimes, on the 
contrary, it is hard enough to fcratch fleel. It can be eafily PulveraVJe, tho* 
reduced to powder; but with much difficulty to very fine 
der, and this only takes place after long trituration in a mortar air* 
of porphyry. Its hardnefs neither increafe nor diminilhcs by 
the aflion of the air; in this refpeft it differs from the magne- 
£ia of Moravia, which is very friable, and from that of Sali- 
nelle, which is foft in Its bed, and only grows hard on exfic- 
cation in the air. 

The fra&ure of this variety is conchoidal and unequal. Fra&ure coa« 

Its furface is dull ; fometimes, but very rarely, (hilling ^P°^ s Du Vopake, 
appear. It is conftantly perfe&ly opaque, and moderately moderately 
heavy; its fpecific gravity is variable. heavy. 

It is a little un&uous to the touch in the friable and earthy Slightly un£ta. 
fort, and but very little fo in the ftony variety. adhc * 

It fen fibly adheres to the tongue, though not much; it ac- 
quires this property in a confiderable degree when it is mo- 
derately warmed at the fire. 

Plunged in water, the ftony variety does not abforb it at all; The foftfpeci^ 

the friable fort abforbs it greedily, and with an hiding, but the ™ n * aW f f b 
_ t J ® water and mix 

mixture does not grow hot. like day. 

The friable fpecies mixes with water to a confiderable de- 
gree, in the fame manner as clay ; the fine particles of this 
earth, like thofe of clay, continue a long time fufpended in 
water, with this difference from thofe of clay, that they do 
not unite together. Urged by the blow-pipe, on a cianite Are not fufiU* 
cryfial, it is infufible. *7 tllc Wow " 

Treated in a mafs, on the fire in a crucible, efpecially in 
red hot crucible, it foon decrepitates, and divides into thick 
fcaly pieces, which leap out of the crucible; this does not 
happen if it is heated by degrees and moderately. 

If it is reduced to a fine powder, and then traited on the But apparently 
fire, as foon as the bottom of the crucible begins to grow red fo ia a 
hot, this earth boils for a fhort time, and feems to unite toge- 
ther, as if moderately moiflened. 

An 
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with lofc of one fa hundred parts of this earth treated in thismauper, until 
kfmih* the boiling ceafet, after an hour of incondefcence, became 
1 ' duced to 85, and 0,40. The earth calcined in this manner 
throws out that blueifh light which has been obferved from 
common magnefia. * 

Giving oot car*' If the calcination is made in a retort of earthen ware^ tm 
Ionic odd. which a fyphon is adapted, and plunged into a bottle filled 
with lime water, there is formed in the bottle carbonate of 
lime; fo that the diminution of weight is partly due to the difi* 
engagement of carbonic acid. 

Tt contains a A’thoufand grains of this earth in fine powder were boiled 
of falptute of** * n ^ l5C P ounc * s diftilled water. The liquor being filtered, 
am and then elfayed by various reagents* prefen ted the following 
refults. 

With the folutions of the acetate, nitrate, and muriate of 
barytes, the mixture became troubled ahnoft inftahlly, and 
formed a fedixnent of fulphate of barytes* but in a very (mail 
quantity. 

The oxalatp of ammonia formed oxalate of lime with if* 
but alfo in a very fmail portion. 

.. j Thefe experiments repeated different times on the earth 
both of the (tony and friable varieties, con ft anti y gave the 
fame refults. 

Lime and fill pb uric acid, . or fulphate of lime, is therefore, 

. although in a fmail degree, a conftiluenl part of the earth of 
Baudiflero both in the (tony and foft date. 

A minote por- The nili^ie of Giver formed a precipitate equally with both 
tioii of muriatia forts ; but remarkable differences were obferved between its 
prcfenUn the** effects in the water from the ftony fpecies* and on that front 
ftony variety, the foft variety ; with the latter it foraged a precipitate, which 
colle&ed in a powder at the bottom of the glafs; but with! 
the water from the ftony kind, befides th$ precipitate, fila- 
ments were produced conftactly, which indicated the prefence' 
of muriatic acid. Many times the " fulphuric acid* M was 
firft removed by the acetate of barytes^ and after filtration, on 
being treated with the nitrate of filver, ftill formed a precipi- 
tate of muriate of filver. 

• It is hot clear what the removal of \\ic fulphttric add mention^ 

here had to do with making the appearance of the muriate tf fiver 
feem extraordinary'; perhaps it is.an error in fhe original ; the rranf- 
ladbn is literal and correct. B. 

3 The 
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The mfufion of the ftony fort afforded differences from the 
pthe^, with ammonia alfo; this reagent did not ever trouble 
the infbfion of the friable fpecies, but always troubled, though 
flighlly, the (nfufion of the (tony variety. 

It follows from thefe obfctvations that 9 be fid os the fu Ip hate 
of lime which both kinds of the earth of Baudiflero contained, 
the (tony variety held in union muriatic acid, perhaps in com* 
bination* partly with the lime, which there was not ftifficient 
fulphuric acid to fatqrate, and partly united to another earth, 
which was not lime, fince its folution permitted itielf to be 
decompofed by ammonia; and it will appear that this earth 
was magijofia. 

The fulphuric, nftrk?, and muriatic acids attack this earth, 
when it is well divided into an extremely fine powder. 

Their a6tion however is but little apparent* but on the lead 
addition of heat it becomes ftrongly marked. Very fmall bub- 
bles of gas, which rife from the bottom of the liquor, a flight 
white feuro which forms itfelf at the furface, and a fraall hifT- 
ing, (hews plainly that there is a difengagement of an aeri. 
form fluid or effervefcence. 

When the earth has been previoufly calcined in the fire, 
theif a&ion is very different. There is not, as may be fore- 
feen, any effervefcence ; but the mixture grows hot, to (hat 
degree (hat a true ebullition enfues; in foroe minutes the mix- 
ture a flumes a folid form, caufed by a kind of jelly produced 
by it. 

The icid which has the greateff a&ion on it is the muriatic 
acid, and after this the nitric, and the fulphuric acid after both. 
*This lafl however does not diflolve without much difficulty the 
whole of the foluble part, and that after a long continued 
ebullition. 

The folution made in the clofed veflels difpofed fo as that the 
ga* may be received, forms with lime-water carbonate of lime, 
which confirms the difengagement of a little carbonic acid be- 
fore indicated by the calcination of this earth in the fire. 

Tire folutions of this earth in the acids are perfectly colour- 
lefs. . 

The prufliate of Jime oj the, pgajafc p{ $mmppia do npt at 
all trouble them. 

Ammonia forms with them an abundant precipitate. 

The 


The ancient mi- 
neral acids at- 
tack this nativa 
earth. 


With great force 
if previoufly 
calcined. 


The muriatic 
acid a(h more 
flrUn^ly. 


Ammonia pre- 
cipitates the fo- 
lution as does 
likewife the car- 
bonate of potaflu 
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The common unfaturated carbonate of potafh forms aUo 4 
precipitate with them. 

When this carbonate ceafes to trouble the liquor, and that, 
after being left to fettle and being filtered, the clear liquor is 
fubmitted to ebullition, it becomes troubled again and throws 
down a fecond time an earthy precipitate. 

Finally, if inftead of the unfaturated carbonate, the car* 
bonate of potalh, well fatarated with acid is ufed, there is not 
theleaft precipitate formed. 

Experiments, which I will relate, (hew not only that the 
pure awgncfii* earth diffolved by the acids is magnefia, but that there is oot 
mixed with it the leaft particle of Iipie, which can be difeovered 
by the oxalate of ammonia, that there is no trace of alumen 
in it, which the faturated carbonate of potqfh precipitates, 
and does not again difiolve ; (hat it does not contain the lead 
oxide of iron, that can be indicated by the prufliate of lime; 
and finally, that it is magnefia perfectly pure. 

As t* (hewn by This refult is farther confirmed by the fulphate of magnefia, 
the fulphate. which the cryftallizalion of the folution of this earth ip ful* 
phuric acid yields exclufively. 

Infbluble refi<Jun The ac,t * s * n diiTolving this earth leaves a refidue, the quan* 
or filex about tity of which feems to be variable} that which the fulphunc 
acid leaves is conftantly more than what is left by the muriatic 
or nitric acids. An hundred and twenty grains of this earth, 
after being well lixiviated in pure water, left a refidue of 
which the weight, in the different experiments which I made, 
did not ever exceed 17 grains, and never was lefs than H. 
^fhe fiony variety was that which in general gave the moft 
of this infoluble refidue. Many experiments, which I have 
made, and which it would be ufelefs to repeat here, have con* 
vinced me that this refidue is perfe6tly pure file*. 

The earth of Baudifiero, from the preceding experiments, 
confifis entirely of magnefia with a little carbonic acid, a final! 
quantity of filex, and a very minute portion of fulphate of 
lime, with, in the (tony variety, fome traces of muriate of 
jnagnefia. 

(To le concluded in (he Supplement,} 

' ' ‘ 


one 6th. 


Component 
parts re capita* 

W. 


Sfpaimat | 


Digitized by 


Google 



Magnitude of small celestial bodi^Sv 


XVIII. A 

Experiments for afcertaining how far Telefiopes will enable 
to determine vay /mail Angles , and to difiinguijh the real fr or 9 
the Jpuridus Diameters of celejlial and terrejlrial Objc£ts : with 
tin Application of the Hefult of thefe Experiments to a Series qf 
Objervationsonthe Nature and Magnitude of Mr. Harding's ; ’ ' 

lately difcovei'cd Star . ^William H e r s c h el, X IX 

F. R. S. Abridged from the Phil. Tranf. 180 5. 

The difcovery of Mr. Harding having added a moving Enquiry as ta 
celeftial body to the lift of thofe that were known before. Dr. 

Herfchel was defirous of afcertaining its magnitude : and as which the eye 
in the obfervations which it was neceflary to make he intended ^awleSeMnSnc 
chiefly to ufe a ten-feet refle&or, it appeared to be a defidersk- the figure of an 
turn highly worthy of inveftigation to determine how fmall a °hj c ^* 
diameter of an objeft might be feen by this inftrument. It is 
known that a very thin line may be perceived, and that obje6U * A 

may be feen when they fubtend a very fmall angle; but the 
cafe he wanted to determine related ta a vifible difk ; a round, 
well defined appearance, which might without befitation be 
affirmed to be circular, if not fpherical. 

In April of the year 1774, the D<r6tor determined a limilarThe author's 
queftion relating to the natural eye : and found that a fquare 
area could not be diftinguilhed from an equal circular one till guilh a faalter 
the diameter of the latter came to fubtend an angle of 2' \l u . 

He did not think it right to apply the fame concluflons to a equal fquare* 
telelcopic view of an object, and therefore bad recourfe to the 
a feries of experiments. 

The firft courfe of experiment, was made with the heads of Experiment* 
pins deprived of their po!i(h by tarnilhing them in the flame 
a candle. The diameters of the heads were roeafured by a je£h were phi’s 
microfcopic projeftion, with a magnifying power of 80. Thefe ***** 
jneafure* were fo exa&, than when repeated they feldorn dif- 
fered more than a few ten thoufandths part of an inch from 
each other. The focal length of the mirror on Arcturus is 
119,64 inches, but on thefe obje&s 125,9, and the difiance 
was meafnred with deal rods. 

And tbejefult of this experiment was that an objed having 
a diameter ,0425 could be eafily feen in the author's ten-foot 
telefcope to be a round body, when the magnified angle under 

which 


Die ed by Google 



£8£ MAGNITUDES. OF. SMALL CELESTIAL BODIES. 

which it appeared fras 2' 18'',9,.and foot with)* high. powetf 
(5&2) a part of it, fuhtcodingah angle of O' *,£64 m»j be con- 
veniently perceived, > 

When the purpofe of this experimeot, was confidered* the 
r^fult was aot found fuffident to anfwer the intention $ for as 
the (ize of the objed required the ufo of a loarpinree^c doubt 
arofe whether the infirument would be equally diffmA when 
a higher (houid be required. To refolve this queftion, it was 
itecefiary either to remove myobje&s. tan greater diftaoce, 
or to make them fraaller. - 

WhhgtoWw 2 . Small globules of fealing-wax were ^therefore made by 
of calmg-wax* ^ppi^g tj )e 0 f a a little heated, into 'it, 

which took up a fraaii globule. To prevent being the® at a 
di dance in a different afpeft from that in which they< wet e 
meafared under the microfcope, theneedles were fixed with 
fealing-wax on fraall Hips of cards before the meatbreb were 
taken. 

By this experiment it was found, that with a globule fo f i ilf 
ms ,00763 of a fubflance not refleding mueh light, thcaiag- 
niffed angle muff be between 4 and 5 minutes before wfeean 
fee.il round. But it alfo (hewed that a tefofoepe wkha fefli- 
cient power (522) will (how the di(k of a faint bbje& wbfcn 
the angle it fubtends as the neked eye is no mere4han 0*\S653. 
OWrafei of fit. The third experiment was made with globules of Ghren A* she 

***** obje6b made of fealing-wax, on account of Ihtir colour, ‘did 

not appear to be fairly felefted for thefo >m*efbgotfons, r a fct 
of filver ones were made. They were fotaied by rtHMkig 
end of Giver wires, the 305th and 340th>part'of aaa incbdtsr* 
meter, into the Game of a candle. 

By this experimental was found that foeAelefcope aded Very 
well with a high power (522), and will (howorrobjefo fab- 
tending only 0^,484 fo large that it may be divided intoquor- 
> 4ers of its diameter. 

Experiments The fourth experimentwas made wtfogtoboles of pifah, 
Ju?e» °an? with ^ ee * s * v ? <11 *' and be iroff otie, and did not prove fy generally ad* 
fOw aTgreater vantageous as thofo with GUrer which reflected more light. 
diUances, Ac, And a fifth and fixth experiment was made with thbdfaer 
globules at greater difiances ; and by illuminations at pigbt 
by the flame of a lamp of which for brevity the particulars are 
Acte omitted 

The 
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Tji© author liieo proceeded to make dired observations on 
ibe fpurious diameters of cefefiial. bodies, from which he de- 
duces the following refults :* 

(I.) As the diameters of fixed fiars are undoubtedly fpurioos, Spurious diame- 
it follows that, with the ftars, the fpurious diameters are larger ^ reater thaa 
than the real ones, which are toofmail to be feen. real. 

(&.} (From man y eftimations of the fpurioas diameters of the Sites are the 
Bars f it fbllojvs, not only that they are of different fizes, but cumftancttj Clf " 
aifo that under the fame circa raftances, their dimenfions are 
of a permanent nature. 

(S.) By this and many other obfenrations it appears, that and colours, 
the fpurious diameters of the Bars are differently coloured, 
and that thefe colours are permanent when cifcumdances are 

the fame. 

(4.) By many obferv&tions, a number of inftances of which They are left 
naay be teen in Dr. Herfchel's catalogues of double flars, their 
fpurious diameters are leflened by increafing the magnifying f 
power, and increafe when the power is lowered. 

(5.) It is alfo proved by the fame observations, that the but not propor- 
. increafe and decreafe of the fpurious diameters, is not inverfely 
0 $ the increafe and decreafe of the magnifying power, but in 
* much lefs ratio. 

(6.) The magnifying power a6b unequally on fpurious di- Small ftars are 
, ainflerscf different magnitudes; lefs on the large diameters, moft 
and more on the fmall ones. 

(7.) When the aperture of the telefcope is leflened, it will Lefs aperture 
eccafton an increafe of the fpurious diameters, and when in- 
created will reduce them. v and fmall ftars 

(8.) It alfo (hows that the increafe and decreafe of the Jy SSichjm^ 4 
, unequal fpurious diameters, by an alteration of the aperture 7 
of the telefcope, is not proportional to the diameters of ihe 
ftars : 

(9.) But that this alteration a&s more upon fmall fpurious 
diameters, and leli upon large ones. 

(10.) From this, we find that, flars, when they are ex- Very fm ill ftars 
tremely fmall, lofe their fpurious diameters, and. become ne- nc ^ uIo ^ s t 
bukms. 

• On this fubjeft fee our Journal, Vol. VI. p. 15, and Fig. 1, 

Plate IV. 

t See Catalogue of double Stars. Phil. Tranf. for 1782, p. 115 ; 
and fer 1785, p. 40. 

(11.) Many 
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Ottorctafa (II.) Many other caffes will have an influence on (he ap* 
parent diameter of the fpurious difks of the flats, tych ms the 
fcriodhtfs of the fpdcula atnd Ienfe.< ; But they jure £>1 Kr xjitbrn 
the reach of our knowledge, (hat with' a proper iegarci to 
fhem, the conclufion he has drawn in "Rem. (2f.j 94 that un- 
der the faitie circumftances their dimenfions are permanent/* 
SrHI ftill remain good. 

Simitar experiments wefe riiade on the fpurious diameters 
of terreftrial objedfs, flame Jy filtrer globules, which afforded 
the following refohs : 

Spurious dHks (1.) The terreftrial fpurious diflcs of globules are left th4n 
failSl fhe real difks; whereas we have feen, in Remark (l.) of 

Mdiflu* the cefeftial fpurious dilks, that thefe are larger than the rekl 

ones. # 

Larger magnl- (2*) The l e & globule has the largeft fpurious diflc. This 
tdde* give larger agrees with the fpurious difk$ of cefeffia! obje&s : the ftars of 
fy. diikss t ^ e f ecoft( j # an d ^ird magnitude, having a larger fpuriofls 
difk than thofe that are of inferior magnitudes, 
coloured Wc* the (3.) With refpe& to colours, the terreftrial alfo agree with 
the celeftial fpurious ditks. 

Let* with # (4.) The fpurious diameters of the globules, like the fpn- 

greater-mag. rious difks of the ftars, are proportionally feftened by in. 

powwi creating the magnifying power, and increafed when the power 

is lowered. 

But not propor- (5.) When the eftimations are compafed with the powers, 

ttoaalljr* it will alfo be feen that the increafe and decreafe of the fpu- 
rious diflts of the globules is not inverfely as the powers, bat 
in a ncfoch left ratio/ 

Power aa* (6.) The effect of magnifying power U unequally exerted 
more on fault on fpurious diameters ; and that, as with celeftial objects, fo 
t |h«o Urge p. tC rreftrlaI, ^j s p 0we r afls more on Ihe fmall fpurio&s 

dilks than on the large ones. 

and diminution (7.) The fpurious terreftrial difks alfo refemble thofe of the 
of aperture i flaps, by increafing when the aperture is lefTened, and de- 
creaftng when if is enlarged. 

greater ea fmall (3.) By thefe experiments it is proved, that the incieafe 
and decreafe of the diameters occasioned by different aper- 
tures is not proportional to the diameters of the fpururas ditks. 

* It appears from the context, that this a rifts fro* the ts Weft 
trial fpurious di/ks being formed by the (mail fpot of 
from the metallic globule, and not from its whole ifntilir 

5 (9.) Bn 


But not propor- 
tionally* 


Power aa* 
more on fault 
than large fp. 
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1 (9.j Bui that the change of the apertures a&s mam on the * 1 

fmslf, and lefs on the large ones. 

(10.) The fparious difks of globales are loft for want of Theft difks ar£ 
proper illumination, bat do not change their magnitude out 
that account. The brightnefs of the atmofphere in a fine day light, 
is fufficieut to produce. them ; though the illumination of thd 
fun is generally the principal daufe of them. 

(11.) The diaro.eters of fpurious difks are liable to change 
from various caufes ; an alteration in the direction of the illu- 
mination will make the refle&ion come from a different part of 
the globule, which can hardly be expedted to be equally po- 
fifhed in its furface, or of equal convexity every where, being 
very feldom perfe&ly fpherical ; but as upon the whole the 
figure of them is pretty regular, the apparent diameter of the 
fpurious difks will generally return to its former fixe. 

Globules of mercury were ufed inftead of tbofe of filver, and Merc anal g)o. 
with the fame refults. buIe, « 

The fporious terreftrial difks were then meafured by com* Meafuremtnt of 
paring them with circles on a tablet ; and it was found that a They^ylbe 
variation in their illumination did not affedt their magnitude, diftlngaithed 
It was alfb found that the rays from the central part of the jjjj* 

mirror gave a larger image than thofe from its circumference, central* and 
So that when ? central aperture of three inches gave an image th en an annular 
correfponding with a circle of 0.465 inch, an annular opening ^ 

from 6.5 to 8.8 inches gaye only 0.1 8 inch for the image : and the fecond di- 
the experiments were fufficiently varied as to the magnitudes tbem * 

and fituations of the apertures to fhew that this difference did 
not afife from more or let's light. 

This property of the mirror ferves admirably to diftinguifh a Trials, 
fpurious dilk from a real one ; and proved to be fo on trial with 
terreftrial and celellial objedts. 


Qbfcrvatitms on the Nature and Magnitude of Mr . Ha a ding ’ a 
lately difcovered Star . 

On the day Dr. Herfchel received an account of Mr. Obftrindont tm 
Harding's new ftar, which was the 24ih of September^ he *** P ,anct J un * t 
dir c flw d Ms Mtefcopeto the calculated place of the new objedt, 
and noted all the finall ftars within a limited compafs about 
it. They Were theff examined with h difiind high roag- 
nifying power; and fince 110 difference in their appearance 
Vol. XII,— December, 1805. U wsrt 
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OWwwdont on U b«w*e oece^y to iU^ to 1^ 

thsjUaet Juijq, m jght happen in the fituatioti of any one of Ibeto. Xhey 
Wane. del iftea|ed a^io F»g. l f (Plate XIV.) whkh isajDMteye- 
dfuught, fo> ferve at an efecidaJriou to a deficripUon givomwiih 
it *1 the journal* and the Car marked ±, was tbrnroram 
object u * 

Sept. 29* Being the firfl dear night, . he began amgiifer ferns 
of obfervations: and as the power of determining inall angles, 
and diftin&qefs in (bowing minute dtflf* whether iptMpaat or 
teal* of the infijtumeqt he ufedoq this oeeafion* bad been fafi- 
cien Uy feveftigatedby the foregoing experiments, jthere ooakl 
be no difficulty in the observation* with refources that were 
then fo well underfloed, and have now been fo felly afoer- 
feined, 

" Mr, Harding’s new eeleftkd body prooedea the .eery 
froall Aar in Fig. 3, between 29 and 33 PUcium, and is a 
little larger than that flat ; it is marked^ A.- fg h are taken 
from Fig* 1* I feppofe g to be of ahoufc the 9thamagnitude, 
lb that Iho new fiacmay he called a fmell one of the 8tb.” 

With his ten-feet refle&or* power 496.3, be viewed flatten- 
tively, and comparing it with g and h. Fig. 3, do«U.fipd no 
difference iq the appearance bat what migbtbe owing to its 
being a larger liar. 

By way Qf patting this te a trial* he changed the. power to 
&7ft,4 f but could not find that it magnified the efew owe more 
tW it did the Aar*g and A 

I cannot perceive any difk ; its apparent magaitede with 
this power is greater than thatof the Aar g f andalfoa very 
little greater than that of h ; but in the finder, and the night- 
glafs g is ponfiderably fmaller than the new Aar, and A is alfa 
a very little fmaller.” 

He compared it now with a Aar which in the finder appeared 
to be a very little larger ; and in the teiefcope with 879,4 the 
apparent magnitude of Ibis Aar was alfo larger than that ot 
I he new one. 

" As far os I cap judge without feeing iboaAerotds of Mr. 
Piazzi and Dr. Oibers at the fame time with Mf* Handing \ 
the lad mud he at lead as (mail** the fosatteA of the former, 
which is that of Dr. Oibers.” 

. “ The Aar k, Fig. I , obferved SepL 24, is wanting, and was 
therefore the objeQ 1 was in fearch of, which by computation 
mud have been jhat day in the place whtfel few it.” 

. 3 * f Th 
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^ The* jiew flat being now irvthe me*?dia?t tyith $11 4bofet>fcft*v«tKm* pa. 
to wMoh I am comparing it, and the air at this aldtode^^* 4 J 40 ®* 
iboing vary dear, 1 ft HI Had appearances m before defcribed : 

* the iiew cannot be diftihguifhed from the flora by 

wagtiifyitig power* ft> that this celeftial body is a Unc gf* 
teroid.” 

Mr. Bode'yftart 19, 25 and 27 Geti are marked 7t»* and by 
comparing the afleroid, called Juno, with thefe ftars* it has the 
appearance pf a (mail one of the 8th magnitude. 

With regard to -the diameter of Juno, the author renterki 
that had it been half > a facond, be n^uA have inftantly par* 
ceived a viftble diflc. Such a diameter* when he faw it magni* 
bed 879,4 times, would have appeared under an angle of 
7' 19",7, one half of which, it will be allowed* from the ex- 
periments that have been detailed* could not have efcaped hit 
'Doticew 

061. 1. Between dying clouds, the afleroid was (ben, which 
' .in i^ true Haney form haaleft the place where it was feen SepL 
29. It has taken the path in which by calculation it was ex* 
ipeQed to move. This afcertains that nomiftake in the itar was 
jQede when lad obferved. 

0€t 2, 7*. Mr. Harding’s afteroid is again (removed, bat 
. js too law for high powers. 

b*3tf. Yiewed it now with 220,3 288*4 410,5 405,3 and 
£79,4 . No pther.difk was viftble than that fpnrioos ehe which 
(ach (mail flats have* and which is .not proportionally mag* 
unified by power* 

With 288,4, the afleroid had a larger fpurious diflc than 
a flat which was a little lefs bright* and a fmalter fpUrious 
than .another flat that was a little more bright. 

061 5, with 410,5. The fttuation of the afleroid h now as 
ip Fig. 4. Its diflc* which is probably the fparious appearance 
of flars.ot, that magnitude* was compared with a larger, an 
equal* and^imaller flar. It was lefs than the fpurious diflc 
of the larger* equal to that of the equal, and larger than that 
, of the fxnallef ftar. The gradual difference between the three 
, Bars is exceedingly fmall. 

91 With 498,3, and the air uncommonly pure and calm* I fee 
fe well that I am certain the diflc, if it be not a fpurious one* 
is lefs than one of the fmallefl globules 1 faw this morning ii^. 
the tree*” 

U 2 " The 
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ObfcrvatKiftB on The djameter ot this globule was ,6£. ItTubtehded dri aiigfe 

planet J«»o. 0 j» q'/^ 29, and was of fealing- wat $ bad' W bfceri *a Ufae? OriS, 
it would have b^en ftill more vifible. 1 ~ ■' * ' ' 1 

. With 879,4. All comparative magnitudes Cfthfe aStettoM 
and flats, remain as with 496,3. 1 T 1 " * 1 T 

, The minute double ftar q Ophiuchi # was feen in b?£h 
fe&ion, which proves that the air is cieaf, and the telefbopfc 
in good order. 1 

The afteroid being now in the meridian, and the air 
pure, the comparative diameter feems a Tittle larger than that 
of ah equal ftar, and its light alfo differs from ftar-lighf. Its 
apparent magnitude, however, can hardly be equal to that of 
the fmalleft globule obfcrved this morning. * This globule roea- 
fured ,01358, and at the diftance of 9620,4 inches fubtended 
an angle of 0*,214. 

When the afjeroid was viewed with 879,4, more hazihefs 
vras found thr.n an equal liar would have given : but this the 
Doctor afcribes to want of light. What he calls an equal ftar, 
is one that in an achromatic finder appears of equal light. 

061. 7. Mr. Harding's afteroid has continued its retrograde 
motion. The weather is not clear enough to allow the ufe of 
high powers. 

0&. 8. If the appearance refembfing the fpurious dHks'of 
, fmall ftars, which I fee with 410,5 in Mr. Harding's afteroid, 
(hould be a real diameter, its quantity then by eftimation may 
amount to about 0",3. This judgment is founded on the fa- 
cility with which I can fee two globules often viewed for this 
purpofe. 

The angle of the firft is 0^,429, and of the other 0^,214 ; 
and the afteroid might be larger than the latter, Iraf certainly 
was not equal to the former. 

With 496,3, there is an ill-defined hazy appearance, thit 
nothing that may be called a difk viable. Whfen thWd ls J a 
glimpfe of more condenfed fight to be Teen In theCefttfb; if is 
fo fmall that it muft be lefs than two-tenths df a TeCond. ‘ 

To decide whether this apparent condenfed ffgjft toasi real 
9t,fpurious difk, he applied different limitatibiiito' the kptrtfire 
of the telefcope, bat found that the lighfdf tbe’hfettrltar was 
too feeble to permit the ufe df them: Frdrt hfe condfelled 

• See Cat. of double Stars, I. 87. 

that 
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•bat an increafe of light might now be of great ufe, and Obfemtwni on 
viewed the afteroid with a fine 104eet mirror of 24 inches ^pl^t Juno* 
diameter, but, found that nothing Was gained by the change. 

The temperature indeed of Ihefe large mirro/s is vfer^ Teldom v * 
the fame as that of the air in which they are to and tiil h 
perfect uniformity takes place no high powers can be tffed. 1 

The aderoid in the meridian, and the night beautiful. After 
many repeated comparifons of equal liars with the afferoid^I 
think Jt (hows more of a ditk than they do, but it fs fo final! 
that it cannot amount to fo much as 3-tenths of a fecond, or 4 
at lead to no more. 

It is accompanied with rather more rtebulofity than fiats of . 
the fame fize. 

The night is fo clear, that 1 cannot fuppofe vifion at this 4 
altitude to be lefs perfefit on the flars, than it is on day 6b* 
je&sat the didance of 800 feet in a diredioti alnioft hori- 
zontal. 

Qd. 11, By comparing the aderoid alternately and often 
with equal ftars, its di(k» if it be a real one, cannot exceed 2, 
or at molt 3-tenths of a fecond. This eftimation is founded 
on the comparative readinefs with which every fine day I have 
feen globules fubtending fuch angles in the fame tfelefobpe, 
and with the fame magnifying power. 

“ The aderoid is in the meridian, and in high perfeftion. 

I perceive a well defined difk that may amount to 2 or S-tenths . , 

of a fecond; but an equal dar (hows exadly the fame ap- 
pearance, and has a ditk as well defined and as large as that 
of the aderoid. w 


ReJUlt and Application qf the Experiments and Obfqrvations , 

We may now proceed to draw a few very ufeful condodons 
from the experiments that have been given, and apply them 
to Ihp observations of the dar difcovered by Mr. Harding; 
and alfp to the fimilar dars of Mr. Piazzi and Dr. Olbers. 
Thefe kind of corollaries may be expretTed as follows, 

(1.) A 10-feet refledor will (hew the Spurious or real 
Aides of celedial and terreflrial objeds, when their diameter 
is | of a fecond of a degree; and when every circvtmftance 
is favourable, fuch a diameter may be perceived fo difiSnOfy* 
that it can bp divided by edimation into two or threfe parts. 

• - - - (2.) A 
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tortafarf otf (5 L)lA jdii 0? 4-°^ fepon4 ! n diaipeter* Wfcetb«£ fP ur ‘ oa f 
the planet Jane. or Qr$Qi lo b*i feep as a rqpndi weTl djjfip edjfody^ 

requires a ~di/Un&, magnifying power of 5 or f[ hundred^ Am|[ 
mail be fuf&eieelly bright to bear that power. v . ^ 

(3.) A rpaidi(k.pf Mf a fecond in 
fo much forger by the application of a magnifying power pf" 
5 or ;6jmpdi$d# that it will be eafily diflinguifhed from 
pq^ fpvrioaA ooe, jfce' letter not "being affected by ppfyWjij^ 
the fame proportion as llje fprmer. 

(4l) The different effects of the infide and outfide rayj 
of a„ mirror, with, regard tQ tfyq appearance of a are a 
criterion that will (bow whether it is real or Ipurious, pro- 
vided its diameter is more than £ of^ fecond. , 

(5.) Whetydifk?** either fpupous or real, prelefs than i of 
a fecond io diameter* they cannot, be difbnguilbjea from each 
other; boeaufe the magnifying power will not be fufficiqnt to 
mafc# them appear round and well defined, n t . 

4$.} The. fame kinds of experiments are applicable fo tele* 
fqopes of different forts and fizes, but vyill give a different 
refuft far the quantity which has been flated at | of a fecqnrf, „ 
, of degree* This will be more when the ihflruroept is left 

perfect, and lefs when it is t$6re fo. It will aifa differ evep 
with the feme inflrument, according to the clearpefs of tfcq 
air* the condition* and adjuflment of the mirrors, ay d t^ r 
pra&caL habits of the obferver. 



XIX. * 

Account of Jbme new Improvements on Slcam- Engines* Jfy Mtu 
’ Arthur Woolf. 

^ T f • • • '? - *’ , . ... - ~ ■ . , 

Mr. Woolf’s IN oar eighth volume* p. 262, we gave a fapft peepunf of t 

iflK^ n . tS a ^ wncf improvement made by Mr. Woolf, qn the fieapft- 

gints. engine, founded on a difeovery that fleam* of a?y higj}$f 

temperature than that of boiling water* if allowed to ^pafe 
into mother veifel kept at the feme temperatare af Abe ^eapp 
itfel^ will expand to, as many times i^ voJmto^, and ftiU bn 
eqwd to the pretjuno of the common atmofphere, as ihe^ppeu 
ber of pounds which fuch fleam, before being allowed to 
papd> oould maintain on each fquare inch of a fufety-valve 

expofe^ 
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*xpo(ed to the atmofphere : for example, that maflbs of quail- Mr. Woolf* 
titles of (team of the expaofive force of flO, 30, or ^ 
thefquare inch of a common fafety. valve, will expend ta 20; 

30, or 50 times its volume, and Hill be reipe&rely equc^ to 

the atmofphere, or capable of producing a faffieteat stKoo 

agaioid the pifton of a (lesra-engine to caufe the feme to rib 

in the old engine (with a counterpoise ) of Newcomen* or to 

be carried into the vacuous part of the cylinder in the im* f 

proved engines firft brought into effe# by Meffrs. Boulton and 

Watt. 

In confequence of this difcovery Mr. Woolf was enabled 
to ufe his fleam twice (if he chofe), and with complete e£r 
Mi i nothing more being neceflary than to admit high (team* 
fuppofe of 40 pounds the fquare inch, into one cylinder, to 
work there by it* ex pan five force, and then to allow the fame 
fleam to pafs into, and expand itfelf in, another cylinder of * 
forty times the fixe of the firft, there to work by condenfation 
in the common way. Or with only one cylinder, by admit* 
ting a proportionally fmall quantity of high fleam into it from 
the boiler, Mr. Wuolf, found that he could a confider* 

.able faving in fuel. 

In this firft improvement of Mr. Woolf, though the faving 
might be carried a conftderable length, it was (till necefihrily 
limited by the ftrength of materials; for in the employment 
^>f high fleam there muft always be forne danger of an explo* 
fion. Mr. Woolf, however, by o happy thought, has com* 
pletely obviated every danger of this kind, and can now take 
the full advantage of the ex pan five principle without the feaft 
danger whatever. This he effedls by throwing into common 
Hearn the additional temperature neceflfary for its high expan- 
fion, qfltr the Jit am w u,fy\itud into the working cylinder , which 
is heated by means adequate to the end intended to be gained; 
and the advantage which he thus g^ins he effectually fecures by 
a raoft ingenious improvement in the pifton. It may be eaftly 
conceived that Hearn of fuch high rarity as Mr. Woolf employ?, 
could not be made fully etifeftive with the pifton in comrooq 
ufe; for in proportion to its rarity fo muft be the facility with 
whidi a portion of k would efcape, and pafs by the fide of the 
pifton to the vacuous part of the cylinder: but Mr. WoolPg 
contrivance feems perfectly adapted to prevent tt^e lofs of even • 
fquUeft portion of the fleam. 

Pcfide* 
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SCIENTIFIC. NEWS# 


Two theorems 
from the Ho- 
rologium of 
Huy goal. 


—extended fur- 
ther jiy M t 
£iof. 


Betides thefe improvements on the common fleam-engine, 
he has alfo found means to apply (be fame principles 4o the old 
engine, known by the name of Savary's, io fpckia way a a to 
render the fame a powerful and (economical engine fpr a-great 
variety of purpofes. » . . ., r ■> 

Such is the outline of Mr. Woolf's improvements- on this 
useful engine : but, for the general ioforroatioa of pniclical 
engineers, we (hall fubjoin a more technical defcri|vuot>j in 
Mr. Woolfs own words, extracted from his fpecificatioo of 
his patent, 

(To be continued .) 

S= 1 = “"■■■ " = ====== -“"T 

SCIENTIFIC NEWS . 

Geometry. 

Huygens has given the two following theorems in hi* 
Horologium Ojcillatorivm, which are applicable to all fbHd 
bodies : ** The center qf ofcillation, and that of J}efpenfion are 
always reciprocal to one another. The fame body is always ijb- 
ehronal to itje\f, white it ofei Hates round pafuMvl uriv's token Of 
equal diftances from the center of gravity. M. Biot has given 
a remarkable extenfion to thefe two theorems. 

All thefe parallel axis's form the furface of a right angled 
cylinder of which the axis pafles through the center of gravity. 
But the analytical exprellion under which M. Biot prefect* 
the theorem of Huygens, made him intiantly perceive, that 
an arbitrary inclination might be given to this axis, the 
radius of the cylinder being fuitably changed at the lame 
time; and that thus according to the different degrees of 
inclination of the axis, an infinity of cylinders might be 
obtained. ' The fuperficies of which cylinders fbould have the 
Tame property as that of the primitive cylinder. Befides this, 
the axis without changing its inclination may deferibe a 
conical furface about its primitive pofilion, which will multiply 
the number of cylinders already found, as often times as 
right lines can be conceived to be drawn on the upper furface 
of tire cone. 

4 - jfiri/Wty 
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v 1 ; < Agronomy. ^ 

M.- P/Clefcbis made an obfervation of an occulta lion of the fa* Pfckt ©» 
pleiades by the moon, ob the 19tH of November, 1804, from ©f tt^pI*iSiSfiy 
the Obfervatory of Geneva. ' the moon. 

Ab 1 account of an occupation of «r fcorpion, obferved on M. Mecbaln o 
the ITtbi of J#ty, 1803, from the furomit of Cafuleta, a tfVfawpi^ 
mountain id the kingdom of Spain, , was found among the 
papers of the late M. Mechain, which will appear in the 
6th Volume of the Memoirs of the French National Inflilute : 
this is the laft obfervation of this kind made by a man of 
fcience, whofe premature Iofs the Inftilute will long regret. 

A long fucceflion of obfervations was alfo found among and of the conet 
his paper*, relative to the comet wh^b he had difeovered m ,7 *3* 
from Barcelona in 1793, which will alfo appear in the fame 
publication. 


Geography. , , 

. M. Humboldt has read before the Inftitute National t, A The longitude of 
Afcjqoir on , the Longitude qf Mexico , the capital of the king- Mexico deter- 
dom to called. by M* Hum- 

, Geographers difagree with regard to the pofition of this berfdt. 
important point* The confiderable difference which M. 

.Humboldt found between bis firA obfervation, and the laft 
which had, been formerly. made by others before him, engaged ** * 

Vim,fo iepeat, itas often as he could, and by different methods. 

The di flanges of the moon from the flars, and fevera! eclipfes 
of Jtypit$r*& moons, always gave the fame refult, which it 
doubtlefsl^ preferable to sll thofe which have appeared 
hitherto.,, 

Eledtricity. 


Since the difeovery of electrical conductors by Dr. Frank- Coadu&or con- 
lin, many philofophers have repeated experiments to eflablilh 
the identity of eleCtiical fire and lightning, by experiments ! 

with fuch infolaled conductors. 

Thefe experiments fucceeded to the with of all who tried 
them ; but it was foon perceived, that they were attended, 
with much danger : and fince the death of Profeflor Richmap, * 
of Peterfburg, who was (truck by lightning from his con* 
duCtor in 1753, few have ventured to repeat the experiment. 

M. Beyer 
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M. Beyer of Paris has formed in his garden an apparatus 
of this kind, which is very Ample, and at the fame time 
enWi*Atoe4 perfectly cfFeQual without any danger; It U a cooduftor 
2^^ which can alternately at pioafnre be mft>lated* of not infotaied* 
and made to ad either with a ball, or with a point* The 
communications between it and the earth are well e&atyiflfted, 
and as the obfervations can be made at more than an baadred 
feet from the apparatus, there is not the <teafi danger of an/ 

aoeideoU < 


Aero/totto*. 

^ celebrated Aeronaut Rtibettthr, Who ufcenrfed from 
bertfon, fee* Peterlborg fait year, is endeavouring to obtain the nece&ry 
S ise wt tr , *©#a!jce at that place for the conftruftion of an sir balloon 
on t very large fcale; lie prapofet that it fbaH be 7$2 feet 
in diameter, which he calculates writ carry up 57 ton, and 
which be fuppofes, therefore, will eafily fupport 50 people, 
and all neceflary accommodations for them, 
tnd i veflel It is to ba7e attached to it a veffel farnifhed with mafti, 
wkh&Ufc^* fails, and every other article reqaHite for navigating the 
fea in cafe of accidents, and provided with a cabin for the 
aeronauts, properly fitted up, galley for cooking,(proper (lores 
and an intend fpr (lowing prorifions, and feverat other convenientles. To 
^rKhaw^ render the afeent more fafe, it is t6 take up another fmatfer 
balloon within it, and a parachute, which wilt render the 
defeent perfeftty gentle, if the outer balloon tariffs. 

Prom itf cotrftruftion it will be calcutatted“td fertiinh in the 
atr federal weeks, in which time many experiments in natural 
phllofophy, and aftfonomical obfetvatfons may be made’: It 
is atfb fuppofed, that geography maybe copfiderably imprtrv-* 
ed by its means, as. t{>e aeronauts will be neither (lopped m 
their courfe by mountains or forefts * and fome have even 
thought, that with the affi fiance of the- trade winds, a voyage 
round the earth might be made in it between the tropics. Its 
cofi, it is calculated, will be nearly equal to that of a (hip of 
the fine. 


Univtrfify ef Omrhow, 

The court of Peterfturg publifhed the aft of confirmation 
0Ffhe Univerfity of Charkow, on the 16th of )Mayi of which 
the following are the chief particulars. 

*' . * TIir 
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ThertJMvdrfltf is under the pare of tlurMtuifter of polite 
piffui&fon': It fats, however* fa own particular admiaiffrration 
^nd jurifififfiion ;■ the ordinances, by which it* members aft? irfotiiioos. 

governed, arc regulated by itfelf : It has tho right of penfure * rm ~ 

both with regard to the books printed by itfelf, or thofe 
brougWt 'from abroad. Alt articles whr3v if Wy Waht hre 
yrlfowed to pififthfc frontiers Without examination or taxi Itk 
corrcfpdndo tce is poll fred ? and its paper if not (bbjdft tw 
duly. The hou fes of the profeflors are free from taxes amf 
all charges. The profefTors have the rank of the feventh PwwUioii fcc 
clafs, and |he (Indents that of the twelfth, or that c f lUbalfieiifr **• 
officers, receive cpamiffion as fuch f and wear fwords. The 
profeffbrraAer twenty-five years duty, or in cafe of UicuraUe 
jpckqdfs, receive their penfions far life, and may even receive 
them while refident jn other countries. On the death of jk 
profisffbr, his w*dow add children Continue to receive hjs • 
penfion, until the widow marries again, or the children* 
attain the age of twenty-one years. The Emperor has 
granted a yearly revenue to the Univerfity of 190,000 rubles, 

Botai}ic Garden > 4fc. at Copenhagen. 

A foaa of 4,5jQfi r»x dollars, which the government, had 
granted Hr 1803, for tho Botanic Garden at Copenhagen* 
has been employed, partly in paying thp debts of the eftabJifb* 
pent, and partly in, cottlfru&ing a aesf hoflboufe. This 55°® Jib®* 
pardon, wbidi poflefle* 3,300 plaids of different kinds, jl ** 
open ox^e day ip pack week foe the carious, and every day 
for botanic Undents., The directors in their, left report, hav- 
ing made fame proposals hr the improvement and effablilhw 
meot of the garden. Urn government has granted them an. 
additional fum of 4000 rrx dollars, and an ana usd fum of P*®* 

$60 for repairs; and have befides fettled, that the appoint- 10 
pent* of perfons employed in the garden,, (hail be increafed 
fo 720 rix dollars, to commence this year. 


M. Giefecke, a Ptuffian mineralogift, who has been a Proofed mb»- 
confiderable time at Copenhageo, is about to be employed 
by government on a voyage to Greenland, where he is to bod, 
pa& feme yehrs in examining that country, with regard to its 
mineralogy and geology; Hitherto the Moravian religious 
miffionaries have alone been able to refulve to live fome 

years 
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years in that cotmUyfer the -converfion of the natives; It 
wtt be rn Utile honour to the fciences, if M. Giefecke ftsalf 
brjug himfelf to make a like facrifice for their advancement. 

Chfrts printed The Royal Ac ad em y of the FineJUiSr-and the Mechanical 

Arts of Berlin* have received anaoog. their members M. F. 

Wagoner* who has difcovered a new method of printing 
geographical charts by a fpecies pf moveable types, which is 
4onnd toanfwer better than engraving, and will undoubtedly 
;be much cheaper. 


a work on fub- 

tenranean lb»* 
tification* 


and one on a 


Prise* giventy Marlhal Berthier, war minifter of France, at the reqoeft 

wm minikerfor 8 enera * Marefcot, has again eftablilbed the prizes which 

was given for the bed works on fortification. 

Two prizes have been granted to the beft treodfes m fob* 
terraneous works. The fir ft was adjudged by the committee 
of fortification to Major Monze, the fecund to Captain 
Gillot ; the committee has adjudged a third treatife de fenring 
of honourable mention 9 which has for its infcription artem 
experientia fecit ; the author of it i9 not known. 

Another prize on the fobjeft of for a fortified 

Sed barrackT*" ^ arrae ^ t has been K ,ven to Captain Laurent. The com* 
mitiee have judged the pfcjeft *t>f -GaplaiB Biofchevalier, 
v ‘ and that of Lieutenant Colonel Gerfbert, to ^deferve honour* 

V able mentibn. The committee has rejdQed, for not qocrefi 

ponding with the propofed fubjeft, a project of Captain 
'Mallet, for a barrack entrenchment ; but have thought it worthy 
of particular mention, as a work which gives avery advanta- 
geous idea ofthe talents of this officer. > 

Many of the works which neither received prizes, cr par-* 
ticular mention, exhibit ingenious contrivances, and in ter eft- 
ing obferVations. In general thefe two contefis fe»ve fully 
proved the goodnefs of the Institution, . of wduphjhe.objeft is 
to exite emulation in all the corps of the army, to propagate 
knowledge among Jhem, and to extend the perfection of all 
the branches of the military art. 


Catalogue of' THE catalogue of the Leipfic fair, has this year contained 

odn^ C con ^ ' two fttepts mpre . than ufual. The mufical publications have 
tain 3 47 been 
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l>een added , tp it* |t, containf 3,647 articles,, furhl&fetffty 
380 bookfellers. The number of romances is 271, of -thea- 
trical pieces 81, and mode fo rm s 447 articles. 

The academy of parntfog fttod fculptore at Madrid, are PuMScatidft tvf 
about to pubUih a com pleat cofle&ion of the Arabia anfiqcl- S pam? ** 
quities of the kingdoms of Grenada and Cordova* In this 
work will be found not only views, and plans of the monu- 
ments, and other remarkable matters of thefe countries, but 
alfo an explanation of all the inferiptions, cyphers and hiero- 
glyphics. 


THERE is foon to be publilhed at Lifbon, a Dictionary 0 ^2^° lla,7of 
the Angola or Bunda language, with the explanation of ajl ^g^erviccT 
the words in Portuguefe. There has never before been a» w * tatbofe 
dictionary of this language. This will be publilhed for the ^ 
ufe of thofe Portuguefe who have bufinefs to tranfaCt with the 
eftablidiments which, their country pofleUes on the coaft of 
Africa. No language is fpoken there to fo great an extent 
as 'tilts.' , . 


THE celebrated feuiptor M. Canova, is engaged in ereCt- Manfcleum o£ 
ing at Vienna, the fpiendid Maufoleum of . the Arcfe-dutcbefs 
Chriftina, an tmfpenfe com portion of eight marble figures, 
larger than life ; the models and execution of which have 
been long admired at Rome, where they were fprpied* 

M. Canova before his departure , from Rome exhibited a hi* Thefeut 
coSoifal group, reprefenting The feus combating with a Centaur. C€,lUttr • 

This group is to be executed in marble for the city of ^kn, 

.The artfds and connoidears of Rome (eem to adeem this work 
fuperfor to every other which has been executed by this 
ingenious and indefatigable artift. t 


THE Magiftracy _of Auglburg have had the honour of p; raC y of books 
being, tb^ dfft government of fputh Germany, which have polked at 
taken, deciliye meaGjres againfl the (hameful traffic of took-^*^^* 
piracy. It has confifcated the entire edition, confiding of ' 

500 impreffipn^, of the work of Goener, on the political 

rights 
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tight* of {ietaiaiy, which was pirated ty CrausieUer, * 
Pter in ftich transitions/ and has befidd compelled Kraus# 
folder to pay to tbo legitimate editor/ the price of the popart 
which he had fold. 


Ruffian tmfnfle 
Inftitutkn* 


TRERcrflian government have formed at Pdterftwrg, a#s 
Inflitution, whofe defign is the perfecting of alt that "belongs 
to naval armaments, and which is to be tattled the Aiarimt 
'Mujhtm. This infirtutton is Hot merely to be a fcfeoel : all 
the fcsenoes neeedary te a naval officer will he there taught 
and the Mufeum will befides pubfifh a joarnal which w itt treat 
•f every relaXiae tfrAkt marine. it will have alfo a 
cabinet of natural hiftpry, which will be open to all the 
pupils. This eftablifhroent will be under the direction of the 
jninifter of the marine, and its members ape to wear the 
naval uniform. 


Ruffian efta- ACCORDING to the report of thd ntf mff fe r of ptftfic tn- 
bi 5 fitment* for ftraction, there is at prefent in Ruffia 494 mflktitfoms for ednes- 
V^tTof ,ion ' by 1475 mafters, and mended by ‘994S4 

matters and fcbolars. The expence of there cflaMfliimenU oefts government 
annually daot two tnHtions of Rubtta Among tbdfc are 
not iddtoned thefti for the corps of cadets, or ’fhe 

Academy of Arts, the Schools of Commerce, w it thdnftftu- 
4i on for Female Education. Thofe who know the ‘ftute hi 
which Rtfffian education was aft the accefhort Of Alexander, 
may jadgeby thrt ddtail what he ha* donetowardt erdightning 
iris vaft empire. ' 

* The Rvflihn csfthdKcs eafneftly concur in fcdOtttlfog Iris 
Views. At an eccWfraftical affembly, convoked by thtTbHhop 
of Lulk arid Shetonrir, various mea fares have been taken in 
favour of the eftabKibmentt for education. 


Theatrf Ip the 
Criibau 


IN the town of OdelTa in the Crimea, a theatre is btfilding 
with ipuch activity, according to the plans of M. ThOmo* de 
Thomon architect to the Emperor, and a profeflor of the 
‘Peterfburg adademy. 

Jbm 
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(This (hews thaUbe arts arc even extending fo tbH UUportQ 
t>egle&ed part of the , world, which certainty from its fins 
climate, and many othe* advantages, merits eyery attention 
of its enlightened and humane mafier.) 

THE third volume of the Geographical Diftionary of /^geographical 
Jlvjffian Empire has .been publilhed by the bookfellers, Gavy, m 

Popow, and Luby» 


AN important work is (bon expected to appear at Pelerf* 
burg, by the fcienttfic M. Delaunay, counfelfor of ftate, re* 
lative to Siberia, and the bordering countries. 


M. KOTZEBUE in his Isft tour to Naples relates fome Ancient msou- 
particulars which be faw in vifiting the Mufeum of Portici, 
which will be interefttng to the admirers of ancient literature, 

“ Eleven young men are at prefent employed in unrolling 
the manu&rips, and two copy them. An Englidiman cdlod 
Haiter, is at the head of the eflabliibinent. He relates that 
his affi (lasts are much more expert and expeditious than they 
were formerly. He has great hope that he (hall have the 600 
'manafcrjpis, (which, yet remain) dtcyphered, and has little 
doubt xhat be (ball difaowen among them an Ennius and a A/e- 
nander, as be flatters himfelf he has already a Polybio* in 
hands, . 

On the day of the vifit, a Greek author, hitherto unknown 
named Kolotos, was difeovered ; his work is on philofopby. 

As the names of the author are always inferted at the end of 
e*eh;inanufcnpt, they can nover be known until it is entirely 
unrolled. Seven Jatra authors have pafled through the hands 
of Mr. Hajter, but aU fo much damaged that k was impoflible 
to unroll them, which he the more laments as one of them 
appeared to be a Livy, at leaft it was an biflorical work 
written in his ftyle; all that he can difeover of it, is, that 
it bsgips with bq harangue; in which mention is, made ef the 
fondly of Acilius. They buveto this .time difeovered five 
authors > f>,hik>dfm& 9 moft of whofo writings, have bos* found, 
and among others, a treadle on the vices which . aft nearly 9 
tilled to virtues, Epicurus, Phgodrus, Demetrius P haler eus the works of 

*nd Epicurus, 

^ Phwdxut* 
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Demetrius, tad tod hi* Koloto* above-mentioned. Mr. Haiter regrets that he 
• Koloton ha S hitherto only met witli works on philofdpbyi although 
among thefe many hiftorical fdea£, hitherto unknown, occur 
here and there: as happened in a diflferlation on anger, in 
which is cited the example of Cadmus punifhed by Bacchus 
. for having given himfelf op to this paflion, a circumftance 
hitherto unknown. 


IT has For fome time been . gn objeft of deliberation with 
me, to afcerlain by what means I might rood effectually 
Remedy an inconvenience which has arifen from the dif* 
tinguiftied patronage this Journal has been honoured with* 
The great extent and value of origins! comm unications can- 
not but be duly efrimated by the public ; though at the fame 
time it hAs neleflarily followed, that various articles of dews 
and other fubje&s in the foreign Journals, have in many in- 
fiances been poftponed, and in fome rejelled. To retain all 
the peculiar advantages of this work, and to afford ample fp ace 
for occafional and foreign articles of value, the obriousTOeans 
have appeared, that according to the practice of feveral 
other refpedable works, each volume (hould be concluded by 
a Supplementary Number ; containing fix (heels, or 96 pages 
of printed matter, and two plates. And, as many of the 
former plates, like thole in the prefcnt number, have con- 
tained mathematical figures or. outline delineations, capable 
of being advantageoufly condenfed, it is purppfed in all the 
future numbers to give two very full plates, and fixteen extra 
pages of matter, in (lead of the four plates hitherto given. 
By this arrangement every volume will in future contain 30 
facets or 480 pages of matter, and 1 0 foil plates ; infiead of 
20 (heels or 320 pages, with 16 plates lefs fully occupied. 
This addition of new matter to the amount of full one half 
more, will admit the infertion of many interefitng articles 
which want of room mud alfo have excluded. • 


‘ %• The plate of Rye- Harbour could not be Jbi/hed in time 
an account of the fudden iUnefs qf thc Engraver • Jt vdlt be 
given gratis iu the Supplement , which mil be publijhedjan . 1. 
next, at the Jhme time as No . 50. 
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SUPPLEMENT to VOL. XII. 


ARTICLE I. 

A Dtfcripiion of an Air Pump upon a new CmJtruStian . By 
ElizuIt Wright. Communicated by Ben*;. Silliman, 
Eft. PrqfeJJbr of Natural Philofophy , Jpc. fn Yak College, 
Netohaven, Atnerica. 


"O PON reading the improvements made in the air pomp by The general im- 

SmeatOn, Haas* Priiice, Ruffel.and Cuthbertfon, it occurred of 

w tnc air pump 

to me that the end whiqh they aimed at might in (ome roeafure explained. 

be attained upon a principle that is different from either of thofe 

by which their pomps have been conftru&ed It is well known 

that ina common air pump the valve at the bottom of the bar* 

rel depends upon the air in the receiver to open it. When the 

air in the receiver is rarified to a certain degree, its fpring bee. 

comet too weak to overcome even the fmall refinance which 

will-arife from the weight of the valve, its doheiion to the plate 

occa honed by the oil, and its being {botched tight over the 

hole. Here the progreb of exhauflion will ftqp. And this 

would hold true, could it be poffible to produce a perfect v* 

ceum in the barrel. But as the fame obftrudions belong to the .V 

pi don valve, together with the additional one arifing from the 

preflure of the external air upon it, and becaufe the pi Aon can* 

Voi.. XII.*— Supplement. X not 
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not fee To accurately fitted to the lower valvef as, when prf 
down upon it, to leave no vacuity between them ; a portion of 
air will neceflarily be retained in the barrel, which by its preP- 
fore ftill further prevents the opening of the lower valve, and 
caufes the operator to come te the limit of rarefaction much 
fooner than he would upon the fuppofition that a perfect va- 
Impcertments cuum were made in the baijel. Several very ingenious coo- 
of CuthWrtfon trivances have been invented to remove this imperfection, 
among which thofe of Cuthbertfon artd Prince are among the 
lateft, and cannot fail of giving the reader a ver jr high idea of 
their fagacky and talents for invention. The method ufcd by 
the Rev. Mr. Prince, of removing the lower valve by open- 
ing the bottom of the barrel into a cittern which has a com- 
munication with the receiver, firtt gave the hint that it might 
The air-pump be pottible in fome (imilar way todifpenfe with both the valves, 
imm and by this means carry the air pump to a greater degree of 
9X0 perfection. In purfuing this fubjcCt I found that all this might 

be effected, and hi a way that admitted of much fimplicity of 
conttru&ion. 

Description of a The principle upon which thh pump operates may be feen 
new air pump. j n ^ jyfowing defcription of it. F, {Plate XIV. Fig . U) ijfc 
the pump plate. O C is the barrel lying in a horizontal por- 
tion underneath the pump plate, land nearly in contaCfc with it. 
A and B are two duCts leading from the pump plate into the 
barref. The pitton F is without a valve, being folid and accu- 
rately filled to the barrel* Tim pitton rod M is cylindrical and 
moves air tight in the leathern collar O. There is another 
pitton, N, made like the former, but (horter, and a&ed upon 
by the fpring S, which is thenpe termed the fpring pitton. The 
ends of tbefe pittons are very carefully fitted to each other, lb 
that when they are brought: into contaCt they wall form one 
uniform cylinder without any vacuity betwixt them. H it the 
winch, with a pinion and rack by which it is worked* The 
pump is fopporiedby apedettel upon which it is firmly fined. 
Afotid plftoa The manner in which it operates is this; Supppfe the 
works ins bar- center placed over the d 08 A, leaving the dn€t B open to the 
p^bs Araugh a air, alfo the fpring pitton in the fituation N, exded- 

collar of leather, mg the external air from the barrel, as repcefented in the figure 
ta^jum’ferre, pitton P in contaCt with it. The pitton P, by moving 

one to admit air towards the duCt A, forms a vacuum in the barrel. When it 
STthe^tttT paffe* tyth* dud A, it opens a communication between the 
dtfchirge it. receiver 
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receiver and barrel and the air by itr etafikr force rufltfss mtoThe latter it 
the barrel and fills it. The pifion now returns toerards tbe^J^^ t ^ nn * 
duct B t and drives before it the air contained in the barrel, 
together with thefpriog pifion N, until they are flopped by 
the (boulder D at the ioftant in which the enda of the two pi* 
flora comeagainft the middle of the dud B. By forcing the? 
air out at the dud B, the pifions come into contad, and form* 
one uniform cylinder, that prevents any communication of the, 
barrel with the external air. The pifion F is now drawn, bapfe. 
toward the dud A, and the fpring pifion N, by the action of 
its fpring, follows in clofecontad with it, until it is flopped by, 
its (boulder C meeting with the end of the barrel, after haying . 
palled the dud B, and having continued to intercept the com- 
munication between the barrel and the external air. This is, 
the filuation with which the defcriplion began ; and* fepesdiqg ( 
tba operation, when the pifion Pis drawn back bayoadthei: 
dud A, the air from Uie receiver rufhes into the barrels 
when it moves forward to the dud B this air is expelled*. 

Having exhibited a general defcriplion of this pump, wiibi 
the manner of its working 9 a more particular illuAratkm of 
fome of its parts will be given. 

When the pump is intended to exhaufl, the receiver mtfll This pony ex* 
be placed over the dud A, leaving the dud B open to the ex- 
ternal air ; but when it is defigned to condenfe, nothing more fare* 
is necefiary than to (lull the fituation of the receiver on the 
plate, placing it over the dud £, and leaving tbe dud A open 
to the external air. 

The dud B is continued around the fpring pifion by mea rhf 
of a circular channel cot into the infide of the barrel, in order 
that the air might cfcape from all fides when the pifions come 
intocontad. 

It may be obferved that all the back fpace in the barrel be- Qkktmimm 
tween the cottar O and tbe pifion P makes a part of th* ca- 
pacity of the receiver; or» to (peak more accurately * tbe 
fpace O A between the collar O and the dud A r the (pacer 
A P between the dud and pifion, while H moves from A toward 
B» being only a temporary dilation of' the capacity, and thw 
fpace A P while it moves from A towards O a temporary con* 
tradion of it. 

For the purpofe of preventing a fluctuation of tbe ait in the Advantage of 
receiver, which would be caufed by tbi* mtpanfion and con*^^ ^< ^ 
X-2 tradion* 
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iteflioiii might he cbirimdrtfel mtm% GKpquQptfs,; 
diaroHer 6f IhektaftA fefoadevery ta#Hi an d another bnnpfr 
hmiitfa Umilar ptfttim fcind du$#, is added, with iiS'rackplaeerf 
at m%k die piiiioh wheel, while the other ia placed helow it, 
Tbe'adiahtage of a pump of this kind being contracted with 
twd barrels arifc* freto the conttary motions of their, piftom f 
fat while one angmenU the capacity of the receiver by moviog 
forward, the other equally dimini flit* it by moving backward. 
Atiequiiibrium is thus maintained that prevents any ofcillatpry 
motion m the mercury of the gage, whicbnwgbt arife from the 
operation of a Jingle barrel; - 

The refinance ,< The 1 additional refinance to he overcome in working this 
iromthe fpring ’ above what is to be met with in other pumps, happens 

only atthe’fmaUtntemil while the ipring ptilon* it pafiog from 
its natural ifuationta the du$ Bv This need not be more than 
about four tinih* greater than that which is vequiftte to over- 
OOfOe 4 he lH6li0n of the pifton P, and wit) be entity provided 
or by irkrdftflng theptoportienbetween the diameter ef the 
pinion .Wheel and the fweep of the handle. 

' " 1 ELfZUIt WRIGHT, C. A.S. 

r ^ . Canaan (Connecticut in America ,X 

•nc sy'.,l March \ 2, 1805. 

• 

: - ’ “• .v. ' l ". 

Concerning ike State in uMch the true Sap of Trees is deposed 
.. during Winter, By Thomas Andrew Knight, 2?^. # 

n " 4 (ConchAled from Psge 140) * 

B«\bMauseto^A/VTK roorfe.decifive eyidepce that tyulbousanci 

herout roots tubccpits .rooi#^ plants contain the matter within them felv^s- 
teTSU item* " wfcicl| i( ftihfeqwtly eqmpofe* tbeif leaves j for we fee fhe^i 
fares, yegetate even in dry rooms, on the approach qf fpnng; .and 

. rooted plants pfefaqp t their leaves and (lepers 

Vpth, nearly. the (fame vigour by the application of water only* 
aMh®y dp when gnowjpg in : thq bed mould, tout the water in 
thi$ cafe, provided that it be perfectly pure, probably afford* 
• 1 . i • ^U.lq v pr.,qq Jdpd ;tp thdPl a n ( f aqd 96b o^}y bydillolvii^ the 

1 1 p 1 l> 4 ,r - :K 

•• •- " ' ’ M * Phil. 't'rtinf. of igOS, p. <ft. •’ ' *• » 
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siMtte^|)repftf^ftaddepo£led inthcpr^diogi^esrVaEddidiOE . t .* 

the root becomes exhausted and spoiled :aiuJHad*nfritifcfoimd * 

tint ibeieaves and flowers and roots offuchpfeair uffnnfedno 
more carbon than he bad^proved to exift m bidboUs roots ,of'tta 
feme weight, wiiofe leares and' flowers had never <efcpd*dedj. 

As the leaves and flovVers of the hyhcintli, id tbeprt«*diy*g -^<ui4 it is 
cafe, derived their matter from! hebttlb, 

4>h)bSBbie that the bioflbms of tree* receive their. rratmaerttfiraai tain the nutri- 
the alburnum, particularly as the Woflbms of many Recife 
precede their leaves : and, as the roots of plants become weak- 
ened and apparently exhaufted, when they have afforded nutti* , 

ntent to a cfop of feed, we may fufp6& that a treej ntbidi has 
borne 1 much fruit in one feafon, becomes in a fwwlarwey 
-exhaufted, and incapable of affording proper smirtmeot So a crop 
ift Hhe focceeding year. And 1 am much inefcited » to > belief 
that were the wood of a tree in this date* accurately weighed, 
it would be found fpeciflcally lighter than that of a iimilar tree, 
which had not afforded nutriment to fruit orbloflbms, in the 
.preceding year, or years. ^ ion .{ 

If -it be admitted that the fobtfanee which enters intodbeThe prsparatiai 
cornpofition of the firft leaves in thefpring is -derived frcixp 
matter which has undergone forne previous preparation within implies that the 
the plant, (and I am at a Iofs to conceive on what grounds tbisi ulcci circu,atc * 
can be denied, in bulbous and tuberous rooted plants at lead,) 
it muft alfo be admitted that the leave* which are generated in 
the fummer derive their fubflaoce from a iimilar fource; and 
this cannot be conceded without a direfl admillion of the 
exigence of vegetable circulation, which is denied by fo many 
•eminent naluralifts. I have not, however, found in their writ- 
ing* a tingle fad to difproveits exiftence, nor any great weight 
in their arguments, except thole drawn from two important 
errors in the admirable works of Hales and Du Hame), which 
I have noticed in a former memoir. I fliall therefore proceed 
to point out the channels, through which I conceive the circu- 
lating fluids to pafs. 

When a feed is depoflted in the ground, or oilier wife expofed Explanation of 
to a proper degree of heat and moiflure, and expolure to air, whieh^^jukca 
water is abforbed by the cotyledons and the .young radicle or of plants circu- 
joot is emitted. At this period, and in every (ubJequent ftage 
of the growth of the root, it iocreafes in length by the addition &c. 
of jiew parts to its apex, or point, and not by any general dif- 

lenflon 
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StpUiutbnof ta*UMu«f kunaffuk awri Obtea f <am> thr wji [ ia r»w wn iW of ‘BWMet 
^^^■itltacHrniJtewWt ground of rh»W,*« UtttOiff W »r 
of plants e’vcu- matter which it added to the point of the root defctftdrtirMflbe 
ootjhdtMi Tbefirftjaodtm tbereforoof il»ftoa*iiop*ahts k 
jtc. * C 5C * > downnardvdowardsthe point of the tank? and l iie r 

Wh i ckn p paa r ft* catty thetas, are of Ihc tame bind dfriih A ofe 
a hi ohtte fabfaqpentiy {band i«r the bask* sates* ixfctyv, *o a 
^femner accafion, ctideavoered to prove 4b*fc tbtyweakfc^tbe 
kinetoik** . w Pt* 

iiaitbeJaft fpriogl examined aimed* every dhyrtheprogrkBve 
change* which take pkoe in thecadcrie^eatatte&tby Use fearfe 
_ chfcfmaft* / 1 kund k, ad da foil exikitct/aid^Btilk 'Wsrfbite 

e kb oid; So be i n c a pable of absorbing oa kos ed isfekte, 
eshan ill pod* was taken off/ and I war totally, unabk*o dd- 
* es sa y any alba raoes tube*, through which tbrkp ubkrbed 
r deou fth* ground, » thefubfoqueru growth oftbe tree, aicends : 
hot when the soots were confidently elongated, albtmnbns 
tub* formed ; and m* foon as they had acquired fotae dfegred of 
fiemnefak their confidence, they appeared ^to enters oa ibeir 
r < etifoaof carrying ap the aqueous fop# andahedeaees of the 
* ftaekk then, and not fooaer, expanded. * . 

The kaf contain* at kaft three kinds ef> tabs* t lb* thrift is 
> 'wkatyinxfcras o r Paper, i have called the oeqtndvdftedy through 
' *> oMsbttheeqieoas ftp appears to be carried; andih^m^h^ehtch 
(ccAoered infirfons readily pafs, from the albornoe* tabes <>into 
Ihe Inaf ftaMu Thefe reflbk are afwa^ aececn^anied byfpiral 
tab# * which do not appear to cany any (liquid baUtbere is 
v another veficl which appears to take its origin from the' kaf, 
-•kid which defoendsxtown the inter aal bark ,? and conjoint 4be 
*tooe or prepared kp. When the leaf has attained its proper 
growth, it teems to perform precifely the office of tfcwootyiddtm ; 
*b*t beiog ekpofcd to the air; and without the fan main* to 
, • acqaire, or the fubftance to Maie meifture^ ft bfed by fbeal- 
'bamoetiobes and centsalvafifeU. The tree fap turn appears to 
% bedifoharged from thc4eaf,as it wasprpvkafiykok tMOotyle- 

. don, into thedtfiefoof foeb*rk,and t* be employed io the for* 

; seeks* *t id* akmnom tabes brfdrecn thebafe of the leaf tad 
. «■ 4her0oti a Proro thofo afoan>aes#ebesfpringwtbk ceoti^ W- 
\ * .. ll , . »Wd and fpiral tabes, which enter inti and pefcWy ^ker ex- 

•- « tftafeeto, otbO^kevety and thtti bf a repetition of tbedame 
,v “» 4 ■ '*> *y* v.il: -a-, i* «;;**: • psecrf* 
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.jatctefheyoaftg treeor abnoalfotet continues to ^wpirc tf 

mm parts* teach apparently &r« 'tented taortte 

<4tp*ww*fap* • SLfS^^Sl 

^ JBW it thaa been proved by> Du Amd that aflaid, Jmcte to *tu*§ml 
tte'whkb it feaad i ortho 1 rue fop nefleis of the barb; esMU tci 
alfo ialhealbuinum, and ibis fluid « extremely testes iwtbe 
ig, ate ether lf*es, Jwbofe ime iap is whiter or c oloured; B%e 
yeflcb, which contain this fluid m ite albcnwro, acerm eon- 
tad with thofe which carry up the aqueous bp; aud it does 
not appear probable that, in a brniy ib parens w wood, fluids fo 
•ear each otter thouid remain wb< hy aomixed. I rouft there- 
fore conclude that when the true Cap has been delivered from 
the eotyiedoe or ieaf into the returning, or true (ap'vedteof 
the bark, one portion of h fecretes through the ester nal eel* 
talar* iw more probably glandular fubftaaoa of the bade, mid 
generates a new epidermis, where that is to be formed ; and 
that the other portion of it fecretes throngh the mteitml gte- 
dute&bftaace of the bark, where one part of' it produces ste 
new layer of weed, and the remainder enters the porotref 
the weed already formed, and fabfequently mingles whhfhe 
attending aqueous lap; which thus becomes capaMe ef af- 
fording the matter neceflary to form new bads and leaves. 

it has been proved in tbe preceding expermnt*‘teth$ 
afeending tap of the fycamere and birch 9 that Shat fluid does 
not approach the bods and aitfokhng leaves in flbefprisigv ht tbe 
ilptq Jit-whkHi it is abforbed from the earth : and therefore** 
may aoadude that the fluid, which enters into, artd. circulate* 
through the leaves ef plants, os the blood through the kings of 
annuals* cote (Is of a mixture of the true fap or blood of Uhe 
i plant with matter more recently abforbed, and lefs perfectly 
aifiroilated. 

It appears probable that the true fap undeigoes a consider- 
able change on its mixture with tbe afcending aqueous fap ; 
for t\th fluid m ibe fycamore has been proved to becometere 
fenfibfy fweet in its progress from tbe roots in tbe fpring, and 
the liqujd, whicb flaws from the wooaded bark of the* feme 
tree ds.aUu fweet;* btef have jwvur heen-ahie to deleft* tbe 
. flighted d c g g e pii^ifsitednafa in riete&tes of the (ycaatoee 
• wood in./teute*- J:tedwcforeincliaed to brieve that* the 
• . 4 faodiarine matter marking in the afeeadmg fap is wot imttiedi- 
#tfely> hr wholly, derived from the fluid which had circulated 

through 
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JbtptonatSon of throogh the. leaf in the preceding year; but that k is geflfe* 
wtariTthe^ukes by a procefc fimilar to thilof the gervninatiori of “feed*, 
of plants circa- and that the fame procefs is always going forward faring tho 
fjttihg and fuhuner, as long us the tree continues to generate 
*c* 9 new orgxhs. But towards the coriclufion of the furnittfer 1 1 

conceive that the true fap fimply accumulates in the atbornom 9 
and thus adds to the fpccihc gravity of ,wi»£ef-fetted wopck. 
-and increafes the quantity of its extractive matter, 

I have fome reafons to believe that the true fap de trend* 
through the alburnum as well as through the hark, and I ha*ve 
-beeri informed that if the bark be taken from the trunks of tree* 
in ‘the fpring, and fuch trees be fullered to grow till the hol- 
lowing winter, the alburnum acquires a great degree of 
hardnefsand durability. If fubfequent experiments prove th*t 
the true fap defeends through the alburnum, it will be cafy to 
point out the caufe why trees continue to vegetate after all 
-Communication between tire leaves and roots, through the bark, 
has. been intercepted: and why . fome portion of alburnoep 
matter is in all trees* generated below inciiions through the 
bark. > 

It was my intention this year to have troubled you with, 
fome observations on the reproduction of the buds and roots 
of trees ; but as the fubjed of the Paper, which l have oop^ 
ihe honour to addrefs to you, appeared to be.of g^>re im- ,, 
parlance, I have deferred thofe obfervations to a. future op- 
portunity; and I (ball at prefent only obfefve, that I conceive 
royfplf to be in pofietiion of fads to prove that bptb buds gpd 
roots originate from the alburnous fubftance of plants aqfl not, 
as is, I believe, generally fuppofed, from the bark. 

I am, &c. f 

T. ANDREW tfNftjfrr. 

i Ettbn, Dec. 4, 1804. * 

... * I h&ve in a former paper ftated that the perpendicular (hoots of 
the vino form am exception. 1 fpoke on the authority of Owtaterou* - 
experiments} but they had been made hite in the futnmer $ ami on 
repeating the fame experiments at an. earlier period; I. found the 
refult inconformky with my experimentton other txxesv , 

~ . , * * n - i ’ ' . . i i. .. . 

‘ i -i, - » !. jcu r -' f - :t0. * Singular 
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Singular Method cf forming Walls and Roofs of Rprql^Bjujlfa ; 

, ing^in In doji an, commnnicated by M. Lsgoux Dg * v ‘ n ' J 

Officer of Engineers*. . . tf ,, 

THE method which the Indians have ufed for many years, 5 tdv»tt*e* of 
of forming (heir rural buildings, unites folidity, convenience, 
and wholefomencfs to economy, and facility of execution. 

Houfes conftrufted in this manner have alfo the advantage Refifti Irtwml 
of being abfolutely fafe from conflagration, and of rellfting* il,ni * i * — '' 
even the mod violent foundations. 

Ih a country where flone is fcarce, tlie rich build (heir 
houfes with bricks, which in many refpe&s are preferable to 
(tone 5 hut poor people, fnch as thofe employed in agriculture, 
cannot go to that expence, even ih India, where labour and * 
materials are fo cheap. 

The habitations of villagers in mod parts of the globe 
are built with earth walls, in India they are likewife covered 
with terraces of earth, and it is evident, that buildings formed 
with bofh walls and roofs of earth mud nccetTarily be free . 
from* danger of fire. 

To proite that buildings of this conftru&ion are equatly 

fafe ftom Inundations, U. is fufficient to Rate, that oh the 

banks of the tifanges and Indus/ (rivers of valt magnitude 

both m their extent and their courfe, and whofc great bodies 

of water caufe the mod deftructive effects in their floods,) 

thefelioufes flafid Uninjured, though fometimes ifblatecj ih tho 

midft of immehfe inundations for fifteen or twenty days, ft 

is extremely probable, that houfes built of ftone or brick 

Would not flatid this great force of water equally well. 

To form houfes in this manner, the foundations - of IheThl earth dug * 

outfide and partition walls are dug up, w hich are fometimes ^°J B th . € 

, ' r , , » , datmnt is pound - 

from five to feven feet -a-eep, ap dal ways proportioned to Ukftc&fiac, 

heighth iotencWd to be given toi the Walls, The excavated > 

fcarth is expofod till it becomes fmfe6ty dry ; if it ft ef tt ‘fit' 5 f ’ 

or argflfsfceods nature^ if U carried" to a pfac£, pre^af&i $bF : J1 

the piirpofe, when e' H roUybe pounded frrtoa'duft,' atid^pro- 

perly prepared for ufe; when in this ftate, it is mixed with a mixed wftlf 

coarle land or 


* Soiuii mat's Journal, II. 394, 


line gravel* v 
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tbird^osaa half of coarfe fcmd, erfmaligca val paflkd through 
t' ■ * fievc to clear it from pebbles* Tbe.fj# earth if round with 

tfte f*nd aqd gravel, pnd worked op yvpIJ, w^h *t» fo.Ibat Uie 
t{KBiooUUp^ loafs may be of an, uniform .contifteaco. u Uis then moillested 
widiwocr. ^*v iLh water five or fix, houribefore if, is wanted* rddd v\ 
quantity oeceilary for a fmglc day’* work alone. | ■-. . ; 

7k walls are ; mixture thu* prepare^ -is carried to tbefpfcce^oC JtalW- 
n fe l *11 u>&c- jurben the foundations afe perfe&lydry, and ihe^w^Us-are 

9 \ then built equally in every part at ifie faipe lipe, op a paxfeci 
*■ fcvtl, in courfes, and brought upp#rppn<ticul*rly jpachcporfe 
txmm>rnJa*t of earth is from, eight to ten iochc* hi depth,., and thowhole 
fat thick# breadth ef the wall, whieb is feldom Ijefsthant^o feef thick, 
and never exceeds four; which dimensions afe aiw^ya xts 
guiated by the intended height of the building, and the force 
In one two or. of the floods, if it is near the river. When the walk oie 

• d^wwrding three feet and a half, or four feet thick,, only oqe cour/e^is 
to the thicknefc raifed in a day ; but when they are from two feet nn^^lf 

to three feet thick, two courfes are railed, and if tb^yare 
* but two feet thick, three courfes arc foipeUine^r^efjju that 
fpace of time. This depends on the quickqeb of ii\e dc(k> 
cation of the walls, which fpeedily takes place there# wb^n^lhe 
drynefs of the air U extreme : this would not per haps happen 
in our raoift climates ; if this jpetbori of bpildii\g (bpujd be 
tried herew it would probably be necefljiry fp leayi^them 
longer to dry, in order to obtain the. requite lepacity* t (i . 
Spices left for When the Walls are built to the height lor tbe,f 9 of*kbe 
aaT windcSv; proper openings are made for* the beams K 

almoft neediefs to add, that the apertures jecegafy |be 
doors and windows are made while tbe yvplls|p^boii^ip^ rn 
The walls whea On the twelfth or fifteenth day* or wheo, t^W£|% l; ?re 
ilT work* 4 ^ u ® c * e ® 1 ^ dry, or to the fame degree to winch ^f^d, 

c^sc^bambfu, the walls are furrounded externally and internally fk/brt 
of open work cafe, made offpars ofbamfyou, pr of } fffifoujLber 
hard and cjry wood. In Jnduftan, 

1 ■ building is general, the w orkman have fpr 9 t jpf' jfon. jf ^ich 
they hire out, that ferye to fufyfin thf 

at two or three pod are placed at every three or four Yfgck£ M the jq^f^ock 

aS*chntrval .jP'M a } Uv0 °f ,*hree .feej di ; flanp^|rcutt { kl^C^§^p $£ ihe 

* T .. t h f n ji walls, according to their ibicknefs, and fpjtee ^tvyeeq is 

filled up with firewood, turfs,, and cakes made ,pf £QW ^and 
fhqqp' dung worked together and dried to tljefuty, ^ - 

. v Tbk 


Digitized by Google 



BAKM* HOOSr* OP" IKOIA. 

^ of eooAtfUMos is Arranged m fever*? ilages, Arrange in 

bf'ttir&s, fetor, of ferefeet thick, (e para ted from each otbfes 
3 fey J 1aytoirs of earth or half dried turf of from eight io teneLdu*” 
indies depth ; the upper flares are fifft fet on fire, fo that thO'Tfcg upper 
‘tortott ii baked through its whole extent from top to bottom. kiadW. 
The charge ot the combuilibles for each of the ftages is (o 
stoiflaged, Hist the ! owtoft is the greeted, and is di mini (bed v v 

fcreacti** it is ntoartf the top 1 of the watt ; as tkrpite btirns / . 

do#a thoiire of the lower flages ftiJI ads oOthe topper part • * 
df^the waUs^whtcbpenttk* 1he>*ppef flages io be of lefs 
thteknefs. The tire Bakes the walls to -a thicknefc of from Walts thus fafai 
(ixlo ten inches, as tiles are baked in a kiln. And thus walls JffrwnmftT 6 
" ere befit in a Angle piece, and of the greatefl folidftjy which tea tacta, 
htove the more flrength, as there are no janduies in them, 

Wherefore they ought to prevent the greatefl poffible refift- 
arice to the adion of the atmofphere, the attacks of floods* 
aftid the fatt of rain, which defeends in toTTents in moft 
countries of Indoflan daring the rainy feafoiu 
Experience has conftanlly proved, that the houfes built in Thde boufb 
this manner not only hi ft much longer ‘“il>«rSU k 3^S* 

brteks, but that they tolfo refill better the attacks of theantfvefttioofc 
peHodical inundations, and thofe of tbe annual rains to which rain 


they 1 are estpofed in this climate. 

TB^trterhnd in which the terrace roofs (which are called T k“ r **** 
in India atgamaco) are formed for thefe houfes, is the thrcckv^i?^ 
&NbW!n*t W 

'Immediately after the baking and cooling of the walls, the 
i a(hes ahd the bars which fuflained (he coffer work ate re- 


moved. ^THe beams and joifls are placed, and covered 
■either tortfr very thin boards, or elfe with fmal! green branches; 
ifrtil tojfon flits fnppbrt the different layers of the terrace roof 
tode placed. The fitfl layer is fimpty clay, with an equal rif * mm- 
qUaiflSty of oU % a fpecies of marl in powder, which is pounded ^kind of 
in troughs, firchas are. ufed for preparing mortar. This firft layer four or fiiu 
U 1b uk tor five inches thick, and it is then levelled, antf ts inchei 
ntbiftened from time to time, in order to beat it firm with 


Aflalf bats. As foon as this is dry, the fecond layer s laid on, .. } 

Vvhrfch conftfts of potters day worked up in the fame manner Second layer - 
a& If' prepared for making pottery ; this layer is only two 
tor three ioches thick at moft. It is levelled according to the thick* 
flope of. the terrace, which & given it in placing the beams 

and 
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and joifls, and it is confolrdatcd by light blow# of wooden 
trowel^ until it is perfe&ly dry. When the clay forms crack* 
in drying they ant; clofed by other day prepared for filling up 
thefe chinks to the bottoms. J;>1 jjnibmjoniiS 

Third layer clay The fecond layer when perfe&ly dry, and free from cracks, 
with one fourth i s covered with a third layer; which iscompofed of pulverized 
•nefourth fine m,xe ^ with a fourth of brick duft, patted through a clote 
Acre, and with a fourth of fine fand. This mixture is worked 
up in a trough like mortar ; it is a fed as foon as prepared, and 
is then fpread out equally over the whole terrace fix or eight 
inches thick ; this layer is confolidated in the fame manner as 
the others, and this labour is continued till it is perfectly dry 5 
and then the argamact is finittied. This terrace is firong, and has 
fuch tenacity that the moft violent rains cannot penetrate 4U 
A building of this fpecies cofts in India but fix francs (five 
(hillings) for the cubic fathom and is entirely performed by 
mafons. In France it would cort three times as much {and 
fomething more in England) on account of live greater expence 
of labour and fuel. 

Houfet may be buHt in -tWf? manner of any Jieighlreqiitfe/ 
with many At- an <f ^ f as many flories as are thought fit ; I h**e fen zhotm 
that had but one ground floor ; but 1 have alfo fee* ottodk dta ft 
An houfeof this wcre elevated two (lories above the ground flteY 
Iwt 430 yean Ufft fort, fit dated on the banks of the' Gem nu tn tfe pioviM&iG# 
Adabad, was builf above 4 SO years, «nd^ the wall*, ^n 4 - 
the whole of the building looked as frefh As if they oohwwr 

' 0 » ’ I c -■ ) 


land 6 or 8 
laches thick. 


Houfes thus 
buili cod 6 
franks tor the 
cubic fathom. 


May h% made 
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ACcmWqf Jtom toct$ Imprvvemiutx on£tram*Ewgvm* % ilte 
’ ' Arthur Woolf. > ’ oj 

t \ n , t 

, {Concluded from page 296.) 

■ ‘ jil ! IM> l' . * 

*- ‘ : r - . . <* J 

Mr. WooIPs * have found but *a«d invented * contrivance/ byifrhJ^h 
Improvements the temperature of the fleam vfcflbl or wo/kih^ c^fifldW^tf a 
'fleam-engine, or of the fleam veflels of cylfdtfes whferf? 

#VJ than one are ufed f may be raifed to any reqnfrecf tedipfetwbib'/ 

• > •** without admitting fleam from (he boiler into anyWtftrtlhdirfj^ 
receptacle, whether known by the name of Vft&hTtttft?} dr 
py arty other denomination. That is Co by; inflead of arimfctfe% 
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fleam of a high temperature into fuch receptacle or fleam cafe, Mr. Woolf** 
which is always attended with a rifk of explofion proportioned I® 1 
to the elaflicity of the fleam employed, I put into the taid gine*. 
furrounding receptacle, or cafe, oil or the fat of animals, or 
wax or other fubflances capable of being melted by a lower 
temperature than the heat intended to be employed, and of 
bearing that heat without being converted into vapour : or I 
put into the faid cafe or cafes mercury or mixtures of metals, 
as of tin, bifmuth, and lead, capable of being kept in a ftate 
of I'uGon in a lower temperature than that intended to be em- 
ployed in working the fleam-engine; and I fo form the fur- 
rounding cafe or cafes as to make it or them admit the aforefaid 
oil, or other fubfiance employed, to come into contact not 
only with the fides of the fleam veflel or veflels, or work- 
ing cylinder or cylinders, but alio with the bottom and top 
of the fame, fo that the whole may be as much as poflible 
maintained in one uniform temperature ; and this tempera- 
ture I keep up by a fire immediately under or round the 
cafe or cafes that contains the aforefaid o^I or other fub- 
flance, or by connecting the faid cafe or cafes with a fe- 
parate veflel or veflels, kept at a proper temperature, Glled 
with the oil or other lubflance made ufe of as aforefaid. 

In forne circumflances, or whenever the fame may be con- 
venient or defjrable, I employ the fluid metals, or mixtures 
of metals, and oil or other of the fubflances before enu- 
merated, at one and the fame time in the fame engine; that 
is to fay, in the part of the cafe or veflel expofed to the 
greatefl action of the fire, I fometimes have the aforefaid 
metals or mixtures of metals, and in the parts lefs expofed 
to the action of the fire, I put oil, or other fubflances ca- 
pable of bearing the requifite heat without being converted 
into vapour. 

*' By this arrangement, and method of applying the fur- 
rounding heat, I not only obviate the neceflity of employ- 
ing fleam of a great expan five force round the fleam veflel 
or veflels, or the working cylinder or cylinders, as already 
mentioned, to maintain them at the temperature required/ 
but I am enabled to obtain from fleam of a comparatively 
low temperature, or even from water itfelf, admitted into 
the fleam veflel or veflels, all the cflefts that can be ob- 
tained from fleam of a high temperature, without any of 

the 
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MrwUMft 1 

a^, J c^!|| to tkm boU*c,#ad rtber fiu* qhslaoiwatL 
*?<* ta. the tlnm «£ tbeeeorkmttfej *■» 
low 4ew. or oeeoi water* (1 n^ iiivtfTStyicafe Jtaio *>^P»- 

fel^bfeyj being admitted into i ,flma 9diT^«S^reflU0^KOfe 
working .^upi t or cylinders, kept > at tie reqnifitoidqgj^K 
teqapcj at a r c Jby,|hei formeot»ned:.«wi^ii«l}It,llmrt jbd W®* : ' 
pmd o d hf *ey safe? seared, and produce *a fefiefib #a*h* 
w^rkiff of tbe-ogine which Cannot etbenrife vbei Qblttfii 
bi\L^*&. agitator aspeafe of Aral*. or with lhe«fiSL 0 £«fc fwar 
plofioe, By t)m (peeps I can make uC? of (team .wpnaAsfc^ 
ta.My[ ( reqgicqd ratio,, of of any gi van tempegtl*!*, ^^bop* 
the, »e$effily of ever having the ileam of rtnpigrtatoc-filpfcr 
ticity r than oqt^l to the preflure of the common etna*' 
fpbpre. , , ^«».:qoo> 

" r 4aothor improvement which l make uG^ofhur (leaopc 
engines conh#* in a method of preventing* aaom^tnic as 
pofiible, the. paQage of any of the fteapi jtrom 4ha*]fidfcu4)f 
the piftpn which is a&ed upon by t ha fed (traM 1 fn> ibo i 
other fide, which if. open to the condaofot* and t^ia. Lie& 
fed,, in tbofe Jleam*engme§ known by: tb$ smuve.c£;dc|ebifr 
engines, byerp ploying upon, or above thepiftpa r wrwi y 
or Opid- tpetaij or metal* in an altitude eftopLtoi heo pcdOtra 
of t|» He*m- The pfitemy of this atrangemepfcwiM u ppa p * 
obvious, hc^ aU€£^ui« to what muft take plaocinfworkjp^* 
Inch a ptflon* v When, the piAoo u akcwkng# ihat is* > w|Ibw 
the (leap is admitted below- the piftou, the ipaaejou bajotbcr 
MeJ^mqg ! «pen tofbp condepfe& the fleeiiioendt^touA^iod^ 
paft pp by the fide of* the pi Aon kraet and eib&iwillj-pqpr 
▼entplJhy thf column pf metal equal or feperittAe die 
anddaring the.dpwn f^ake npdWm canpeffiblypafc wttbfrifch 
firfi forcing all the raetel through. fa working wM > **}*•%*& 
a fieglo engine ale(s,confid^rablo aitj4id4ofraflUlkl>o y i faA ^, 
beceofe the fteam>alvyajs afts on jhe ^pper./ide of^ha ptftpfc* 
Foe. Angle engines, cyl or waa^ or, f^ofanimeH^ 
fob%i)£es< in juficiept quantity,, wiU, an/wer : tft<t p Arpcd^jfc 
aaptjbpr ymprov^ment,, 

▼^on^ be.appjied tjo^the ; eqgwv4N0aly U» takO^asmxtkag 
j^ouble or^tnglo^wgh^Jb^lo Am worfu^rdh*: 
o^Ujf^j^qon^pys Oie/Uew* tP;tbq qoedcnfeo iftHdkboAhf^ 
&tod^ Xuch p fiae^.th# fba* jwil bak fc . 

. - v ,- forcing 
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fabdwH* employed, ttettnhy have fWflfe^by tbe^tftdri? tafclhjf in ft^uBhco- 
cade at ifefc £unet4pr*vtdu a nother ettifor the meUdorOtKet |h*«. 
fuMmoe cetfeftedet^b* bottom *f the ‘fleamveflet'or Working ' 
cyftndtblbXttlweyUhe fame 1 in to a refifcrvolr feepl at '* pfoplti * 
heat^wheoce it is le be conveyed to (he uppWr fide bf thft 
piftoa ty a fmair pump worked by the engine or by any Other : 
cosdtivtnco; inerder that the fluid metal or metals ufed Vrith 
the pifttm may itot be oxidated, I always keep fome Oil or 
other ftad fabftance on ks ftrfaoe, to prevent its coining io 
cobta&vyith ibeatmofpherejandto prevent the neceffitjr^of 
employing a large quantity of fluid metal, I generally make 
mypiflon of the depth of the column required, but of a dia* 
meter a little left than the fleam veflel or working cylinder, 
excepting where the packing or other fitting is neceflary to be 
applied; (b that, in fa$, the column of fluid (petal forms only a 
thm body round tbepifton. In tome cafes I make a hollow 
mefottltr pt&bn, and apply an altitude of fluid metal in the 
infideaf the working cylinder. ' 

^It may be neceflary, however, to fiate, that in apply- ^ 
inguay hnprovedi method of keeping the fleam veflels of fleam- * 
engines at any required temperature to the engine known by 
the name of Salary’s, in any of its improved forms, in which ' , 

a feparate condenfer has been introduced, I fometimes employ ' 
oik (or any other fabftance lighter than water, and capable off 
being kept fluid in the temperature employed, without being 1 
converted into vapoor,) in the upper part of the tube or pipe * 
attached to 4hb fleam veflpl ; by which means fleam of any : 
teiqperatiire may be ufed without being expofed to the rifle of 
paftiaTcondenfatioft by the admrflion Of any colder body mto ' 
the fleam Veflel ; for the oil, or other fabftance employed for - 
thlsperpofo, than acquired the nequifite temperature; andtb 
prevent unneceflary cfeape of heat, I conftra& of, or line f 
with, an imperfed toftduflorof beat, that part of the tube of f 
pipe attached to the'fteam veflel which may not be heated'bk- ~ 
teriody* And further, (as ft already the pradroe in Jbrae en^ '* 
gines,*iidtherefori^^ claimed by me,) I caolfc* 

thtwfcfePiuifdd by the engine topsfs off through another afl* ' 
cetfdingiubethao the orte attached to the fleam vdfc), bqt‘ 
com w dled vvrth it ot fome part lower than the oil ot otfcfer r 
jub4ff**«n>pfoyed inft ft ever fcffered to d£fcendto ik 

working 
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m Maox**!*)) w»t*. . 

* of TlwMpMMMM* wfciiH I Ifrm j*tt 

w l i wiJ , «( MiUod«cinf oil into tba> fif MkM to 
Um flfm v«tW of f*cb owgio>«» M)» Dtf.be iMrahwed 
without miplyiog beat extamailjr to Um Amid «dA«1 i hut in 
tbi* cafe part of the effe& which weald etbcrwif. b.pi..rt 
is loft*’* 


I cahoaic 


On the Magnefian Earth qf tfaudijfero. By M- Oioscaf . 

(Concluded ftom Page 184.) 

TbrrwtW To afcertain (he proportions of thefe conftitaent parts of 
Bwadiflar* att- tfi e magnefian earth, wo lixiviated a given weight of it, and 
** precipitated the, fulphuric acid from one part of it by acetite 

of barites, and the lime from the other part by oxahitf of 
ammonia. 

It cfuiaui w, W- The weight of (he oxalate of lime, and that of the ftilphate 
idat mM&Btfo, of baryte s, obtained from it, (hewed us that it contained 1,60 
falptatof ha*> 0 p fyipfiaig 0 f j[ rae# The experiments before recited de* 

^ terrnine the proportion of the (ilex contained. 

^ To prove that of the carbonic acid, we both calcined a gi v e n 

weight of the earth in crucibles, from which fyphons palled 
into bottles containing lime water ; in order that the carbonic 
acid gas furnifti'ed by the earth might be precipitated, and aMb 
dilTolved confiderable quantities of it in acids by the a£Hon of 
heat, and received the gas produced in bottles filled in like 
manner with lime water; the firft method produced conAantiy 
the mod. The carbonate of lime formed in thefe dttferari 
experiments apprized us that 100 parts of the earth contained 
from 8 to 12 of carbonic acid, and fometimes a little left in the 
- Ifony fp^cies. 

•^4 water. If this Weight of the carbonic acid be deducted firoih the 
lots of weight which this earth fullers by the calcination m the 
lire, which was mentioned before, we (ball then bkwe ftp 
quantity of water which the earth contains. In coI1eAi^| fte 
refultsof the different experiments! it appears that the earth 
of Baudiffero com poled of ; 
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Magnefia - 68 Pioportion. ' 

. ■ 'c 1 \ vOatboate «oM' >. . 1* ' • ^ <- 

» ^ Sifea* - - *• 15*60 * - 

* Solvate of line % * *• * 1,§Q "*•> 

■i m * 4 * *■• Wmct - * - *>*- s • • t> 

* I • If /. . r ■ 1 ‘ 1 " * 4 

100,20 

It is from thefe refults that I denominate this earth native It mty be cale* 
magnefia. It is doublkfs found mixed with a little (ilex; 
if the title of native alumen is given to the alumenou dearth of 
Halle in Saxony , which contains 24* parts of the fulphate of 
lime; if the name of native magnefia is given to that of Mo- 
- ravia/ announced by Mitchad, of which 100 parts contain 50 
of carbonic acid ; it appears to me that the earth which I de- 
scribe has a much better title to the name which I have 
given it. , 

The earth of Baudiflero affords a fubjeft for interefiing ob» Soj^ofcd to be 
fervaiions in the invefiigation of its origin. Many fa£U lead dccom^fitfoa^f 
me to believe that this earth and the Corneen done or Cacho- the Corneen 
long, defcribed and analyfed by my colleague Bonvoifin, vfi * Ca< * i * 
both of the fame nature. It appears to me that Cacholopg at 
a certain point of its decomposition forms what Bonvoifin calls 
the hydrophone of Piedmont, and (hat in its complete decom- 
po fit ion it forms the magnefian earth of which I here give the 
Analyfis. Bonvoifin has declared himfelf of an opinion pre- 
cilety contrary to this ; for he has fuppofed that this earth, far 
from being the product of the decora pofi lion of Cacholong^ 
is the element of its formation. Our colleague Gioanetti is of 
the fame opinion. In thefe two hypothecs, the change of 
one earth into another is manifeft, that is tp fay, the change 
©f.filex and alumen into magnefia in my method of confider- And therefore 
iog the matter; (for it is principally of thefe two earths that that either al«- 
Cacholong and Hydrophane are compofed, from the analyfis j, dunged into 
of Bonvoifin ;) and the change of magnefia into alumen and magnefia* 
filex according to the hypothefis of Bonvoifin and Gioanetti. CW> * 

As this foigedt appears to me to be very interefiing, I intend 
to make a comparative analyfis of thefe ftones at the differ- 
4 *nt dejpeas of their decompofition or entering into the Hate 
of agate (agtijcuim) which ihall be the fitbjc& of another ^ 

mempir. 
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7 . . Jherp, remains yet for me .to e^unif^ (he e^oj^f^al, afa 
for whicb^this partb maj be employed. ^ : 

\ 4 The experiment which I related in fpc beginning of this 

* memoir, of the d^compofition of the fulp,b$t£ ofjrop by thk 
I earth, which produced an excellent fulphate of magnetic in- 
dicates one of the methods in which it might be ufed to ad- 
- vantage. 

Subtacof uu* * Twenty-five pounds of fulphate of iron coft only three fogies 

munAiSured Wlt ^ us * w *^ e P 1 ^ ^ ^ ame wet &ht of fulphate if 

from it to ad- magnefia is eight francs, from this it follows that this procefs 
vmt*« by the may be followed to advantage. To this may be* added that 
fu1phate"of Iron, the fulphate of magnefia of commerce, being impure, and 
ddcribed before, mixed with much fulphate of foda, cannot be compared to that 
SX^ which may be procured in this manner, which equals the bed 
merce in general, fait from * * canal ; fo that in this comparifon the more pore 
fulphate of magnefia thus obtained, may be valued at ten francs 
at lead, and in reality is worth more. 

This however is not the bed method to pnrfue, when * the 
operator has it in his power to follow the others, which I am 
going to recite. 

The following experiments make known two precedes much 
more economical. 

Jn the fird experiment I took two pounds of the earth of 
BaudifTero, reduced to a coarfe powder, with the lame quan- 
tity of the fulphuret of iron of Brozo reduced to powder in 
like manner, I mixed them together carefully, and treated one 
half in a crucible on the fire, and the other half in an iron 
capfule. 

Or by pounding In both the mixture heated to rednefs emitted fparks, efpe- 
' h *to*ninTi!» c * a ^ 00 l^ rre ^* ** feeraed to become reduced to a 

crucibles 1°' * *? very ^ ne powder; a lort of boiling took place, produced 

doubtlefsly by the difengageroent of carbonic acid, and here 
and (hero appeared flames of fulpbur, which burned without 
exhibiting any fign of the production of a fulphuret. The 

fufphurous odour was not however very troublesome, fropn 

whence it appeared that the magnefia absorbed with readinefs 
the fulphuric and (ulphurous acids fa proportion as they 
were formed by combuftion. The mixture became of a Wack- 
: i£h grey, or more properly a black; but which appeared grey 
' . from the. white particles which fiill remained muted with it. 

After 
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After tkjrrfg left three hours 1o coot, if was tool’d etied With Lejvlngto digeft 
water and put away tilt nejtt city si part of It Was : theH ftxivl- 
ated ; Ifte folufion bei/i^ made clear* and Created wffh ktdmo-cold water, 
ilia, gave an abundant drid very white precipitate. This fcrf- Lixitiatio 5» 
cumHanoe indicating (hat much of the magnefia was combined 
With ftilphuric acid in the operation, all the remainder WAs 
lixiviated. The very clear lixivium, evaporated properly, 
produced at the firtt cryftalization a pound of fulphate of mag-«nS crjdalixing, 
nefia 19 beautifufcryftals. The remaining liqaor gave on fue- 
ceflive evaporations a prill nd and half more of the fathe fait 
In fine cryflals, very dry and very white. The liquor pro- fine cryfhls in 
duebd cryftals to the Iaft drop, and the mother-water never *** 

became foul. The mother* 

The mixture which remained after lixiviation was roatted 
a fecond time, and again produced fulphate of raagnefia : It g*, ves crjftaU t/ 
wds then thrown away, although apparently it would have lift drop- 
yielded more fulphate of raagnefia after another torrification. 

Jn another experiment, pure fulphur was ufed tnftead of the re-lixiviated 
pyrites ; it was eafy to forefee that the refult Would be the wott CTy " 
fame; it was however definable to prove it; and the refuk Pure fulphur 
was perfe6ily fatisfa^ory. thfrilpha^of 

The ufe then which may be made of this earth, confitts in iron anfwer* 
forming with it fulphate of magnefia. The means by which * eI1 * ^ 
fhis may be done are perhaps the rooft fimpte poffible. It is ph ate of mag- 
fufficient to reduce to powder the earjh and the fulphur, or ***** in the large 
the fulphuret of iron, where it can be eafily procured, as may nefiarMith**^ 
be done at Baudiffero. Thefe fubfiances fhould be mixed in pyrite*, fimibu- 
1 almoft equal parts ; for it is ufeful to proceed witii an excefi t0 ^ toie $ ou> S* 
6f the earth, and the more fo, as its coft is almoft nothing x 
The mixture ftiould be torrified in an oven or fcPn, beefed to 
the degree hi Which fulphur ihflames, and when there appear no 
inbrfe jets of frilphuroui flames, the kiln is to be left to cob!. 

The matter being then drawn out fhould be mbiftened with 
water in citterns, and left for fOme days, only taking care to 
ftfr it ip that time. 

The part of the fulphur which in burning had ohly patted to 
the ftateof fulphurous acid, oxigenates gradually, or the fith f 
tohich at firft wHs but fulphite changes to a ftrlphafe. The 
matter is then tb be lixiviated, ih the fame inahrter that It ofe<) 
for nitrous earths, (he liquor fofficiently evaporated, and 
to cryttalize by cooling. 

X 2 Anotfcej 
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Aflothcr procefa Another method may be followed in places where fulpharet* 
where pyntea ve are wof ked ; or where, as at Brozo, there is a manufacture of 
burned, . ( fulphate of iron. The kiln, where the pyrites are burned, may 

U^vered^th covere< ^ w »th an heap of the magnefian earth ; the fulphu- 
a heap of mag- ric acid, which is difengaged will be abforbed by the roagne- 
neftan earth. {J a . anc j ^vantage of putting an end to the complaints 
of the owners of property near the manufacture, will be added 
Which when that of fulphntin g the raagnefia, from which the fait may after- 

»cid^i^ur*, the war ds be procured by lixiviation. This laft procefs, if it were 
may btlixivi- introduced into the manufactory of Brozo, would produce the 
fulphate of magnefia of commerce at a very Moderate price. 

As the magnefian earth of Baudiflero forms an excellent 
porcelain with filex, it prefents befides an interesting fubjeCt 
for refearch relative to the fabrication of pottery. With this 
earth and a quantity of the argillaceous earth of Caftellamonte 
and mixed with fufHcient to unite it into a pafte, I formed fome crucibles and 
dh^s^extremely ca P^ es * Thefe crucibles were expofed for 4-8 hours in the 
bird. furnace of the glafs-houfe of Po. The earths did not feera to 

have formed a fuftkient union; neverthelefs the hardnefs of 
the crucibles was futh that they could not be atfeCted by the 
file. DoClor Gioanetti, who is now engaged in manufacture 
of (tone-ware pottery, will hereafter throw light on this fob- 
jeCt. 

I end this part of my memoir with obferving that the trials 
which I made of this earth as an abforbent in veterinary medi- 
cine fucceeded perfectly well. 


ated. 

The magnefian 
earth ufeful for 
porcelain and 
pottery. 


Additions to the preceding Memoir, by the Jhmc. 

The earth of Farther refearches which I made on argillaceous earths have 
given jne to undeiftand that the earth of Baudiflero is not the 
Baedificro. f only one known that confifts for the moit part of magnefia. 

The fame kind is alfo found at Caftellamonte, a large village 
near that of Baudiflero. 

t M. Bertoline, do dor of medicine, one of the molt eminent 
of my pupils, having repeated the detail of the experiments 
, which we made at ihC general fchool of chemiftry, invited us 
* ' to eflay a particular earth of Caftellamonte, his country, which 
■ he thpughtVoukLfurnifh the alumen which was fuu&ht for un- 
biccefsfully in the earth of Baudiflero ; foon alter, by the care 
, of M. Onorato, fprgcoa of CafidJwuonte, who h the pro- 

pi ietor 
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prietor of the land where this earth is found, I received a large , 
quantity bf it, and we examined it comparatively with that of 
Baiidiflero. - • • ^ 

The earth of Caftellamonte, which was brought to us had WhenfiHt dng' 
nearly the fame appearance as that of Baudiftero; but when fcrem^cdcnirw 
it is firft dug up from the ground, it has on the other hand dif- 
ferent external appearances, whicli fecm to depend on the dif- 
ferent degrees of decompofition of t he CorneCn (tone or 
Cacholong, which is found at Caftellamonte as well as at Bau- 
diftero. 

The colour of this earth is a white inclining to blueifh. In 
a mats this earth is opaque ; but when fmall fragments of it of 
a minute thicknefs are examined, they have a femi-tranfpa- 


rency. 


In this refped it has a ftrong refemblance to horn; it is very 
(oft, and may be cut with a knife like hard cheefe. It is more 
tin&uous to the touch, and a little more adhefive to the tongue 
than the earth of Baudiftero. 

Treated with the acids, like the Q>ft fpecies of Baudiftero, 
it becomes diluted, and then diflblves, but has however a 
very remarkable difference, which is that it diflblves in all t^ie 
acids without the leaft effervefcence. 


Rdemblet bora* 
cuts like hard 
cheefe, more 
un£t:uous, and 
adheres more to 
the tongue than 
the firft. 

Does not efFer- 
vefee witli acids* 


It alfo does not yield the leaft appearance of carbonic acid 
on expoGng it to the fire in clofed veffels furniihed with fy- 
pbons, which communicate with limfe water. 

This earth, like that of Baudiftero, does not contain the 


leaft trace of alumine or of oxide of iron. 


It contains, fimilarly to that of Baudiffero, a little fulphate Confifts of the 
of lime and muriate of roagnefia, which may be feparated by ^ n ^/g^J ancc * 
Jixiviation in water. 


The remainder confifts entirely of magnefia and (ilex; but But contain* 
the proportion of this laft is greater in it than in that of Bau- woie 
diflero. It may be computed at from 10 to 20 hundredth 


parls. . 

When this earth is kept in contaft with the air its external Change* it* ap- 
charade* change, _ 

Its colour becomes by degrees a dull white, the fame ai has air, 
been remarked of the earth of Baudiffero. 10 * white ; 


Its femi-tranfparence is loft ; its particles feptrate, and in Lofe* its fcmi- 
Iwo or three weeks it is found to have abforbed carbonic acid 
la that degree as to make as marked an effervefcence with dhe bonic acid, <b a* 

acid cflfiwvcfe with 

acid*, and be- 
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wth*ofB th dT 95 ^ Baudjflero. In a word, il is completely 

fero, with the " 1 * 1 ® ^ aine ** ^is kfl# wilt tlin foie difference, that pbvfically 
<n»ll difference confidered it is lefs compaft, and becomes even friable, pnd 
ooticod, chemically confidered it contains a little mpre (ilex. 

It appears then to.be well proved that the earth of Bau- 
difiero and that of CafteUamonle are* each a true native 'mag* 
nefia, mixed. with a little fi lex. lathe ^th.^f^i^lateoiite 
it is fufficienily demonfirated that it contains no carbolic acid 
when in the bofom of the earth ;\and that .it <pnly ( qp,nt*¥ns jt 
when, after a long .expofure to contact with the air, *1 cap 
abfoib it from the atmofphere. Thai qf Bpudiflfcro c^v?*os 
Earth of Ban. •» froth carbonic acid, but the quantity is much infer tor to.th^t 
ditTero has not wipe!) it ought. necefTai ily lo contain to be cqnfidsrejl a, qajct>o- 
be cvbonate^f ***** °f ma g DC fo ; befides the earth of JBaudilfero having bodl 
saigneff*: worked Tor aiong time, and being thus inront?$ witfi th^air, 

it is from the atmofphere it mu ft have drawn U, and tt%at io 
If dug from a proportion to the time it has been ex poled ; at lead I baKp.no 
fuffielent depth doubt that if the earth of Baudiffero w a *.dug up (rum a jeet- 
contafa^no^car- tain depth, no carbonic afid would be foqnd in it. 
bonic *etd. I will conclude this addition to thejneenqir, .by .^bfefving 

iktte h prob^bi f y" thatthe earth of Mufmel at Cafelette, being prodpeed, the 
magnefian alfo, decompofition of the fame Corneen Bone or Cacholojig* pvgbt 
4lfo probably to be a mag neb an earth ; but I have not yet 
made- any experiments c.n this earth ; DpdorBonvojftn, who 
has given the analyfis of il in its date of Cacholong and Hy- 
Thc author pro- Brophane (lone, propofes in conjunction wish me to repeat the 
pofes to analyfe ‘analyfis of this ftone, in the true (late above-mentioned, and 
Hy^ophanc^ in its earthy ft ate; which iliall be the fubjed oF a particular 
and wjicc a jne- memoir. * 


moir of the re* 
ful U 


* The taft ufe which Mr. Gipbert mentions for magneffan earth 
is of the moil confequence of the two, for as fulphate of raagnefia 
is only ufed iiv medicine, the fale could not be fufEcienUy extenfive 
to produce much profit on a large kale. 

jT.be pfe* of this eaj*th for pottery is the more deferring of notice, 
as it has hitherto been fuppofed that argil was alone proper for this 
purpofe $ apd though it was long known that magnefia is of a very 
refra&ory nature in the fire, Mr. Giobcrt feems to be the fuft who 
thought of ufing it in crucibles j which is the more extraordinary, 
as the (apis ollaris* which derives its name from its property of /err- 
ing to make u ten fils ta bear the fire, is well known to contain a 
large proportion of magnefia, 
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• VI. 

Fir ft Communication on an artificial Tan prepared fron Goal , 
chared Wood , refinoas Subftanaes , Abridged from the 

Original qf Quarles Hatchett, Ffq* F. R . 

Mr . HATCHETT firft notices, that the natural tannin Firff difeovery 
was firft extracted from the matters which contain it 9 by M.*slgirinand 
Mr. Deyeux, who confidered it as a Ipecies of refin ; that Deyewu 
Mr. Regain firfl difeovered it to be the fubftanbe which 
jn the procefs of tanning renders animal lkins irifoluble in 
tvater, and iroputrefcible ; but that Mr. Chenevht alone had 
noticed the effect of heat in giving coffee berries (hi fk>wer 
in decbdlon of precipitating gelaten. ’* He then ftatefe, thalRefult of ex* 
his experiments on lac, and fome of the refihs having fhewed 
him the' powerful a6Uon of nitric acid on fuch fiiMl^ntei, in- induced others 
duced him to try its effect on afphaltum and jet; thftfe with 
it forced a dark brown folution, and a precipitate. Which by nitric add. 
digeftion in another portion of the acid became diflotved, 
and bn evaporation produced a yellow vifeid fubflance foluble 
Tn water and alcohol, and perfectly fimilar to that obtained 
*t>y fimilar means from the refins, excepting that When burned 
h had the colour of the fat oils. This refult led to the ftippoff- 
<ion, that the dark brown folution was of the caYbonaceous 


As native magnefian earth would doubdefs be of great ufe to the 
^lotteries of this country, it is a pleating confidferation, that it is 
extremely probable it may be found in England, as well as on the 
Continent; for not only fteatites and other magnefian hones have 
already been difeovered here, but that fait, which it is M. Giobert'e 
principal obje& to manufacture, is the natural produce of this 
country, and therefore the neighbourhood of Epfom, which gives 
it its name, may well be Tufpefted of containing beds of an earth 
fimilar to that of Baudifiero. 

There is alfo fome reafon to fuppofe, that this earth may be one 
of thofe Ingredients in china-ware, which the Chineffe ehdeaVour 
to keep fecret ; indeed it is hardly probable they fhotlld be ignorait 
of its ufe,. in a country, where the fiueft earthern-ware has *been 
manufactured fn the greateft perfection, from periods Antecedent ' 
to the dates of the authenticated hiftory of Europe, and where of 
courfe experiments relative to the competition of this article, mdft 
have been varied to the greateft extent, — B, » 

* F4tlo£ Tranfc 1805, 

matter 

♦ • 


Digitized by v^ooQle 



928 


AUTTFICIAL T\Vi 


and < that the yellow ptfeeipfrate was (he ptft 

Of the bitumens, which was confirmed by refuite from amber % 
feveral experiments were tried with various forts ef pit* coal, 
mt nn f rj '' iram all which the brown folution was obtained in abundatice, 
bat tbofe which contained little or no bitumen did not yield 
the yellow precipitate. 


Proctfi wiih (he Cool . 

100 grains of coal, in each experiment, were digefled in 
an open matrafs in a fand heat, with an ounce of nitric acid 
(of the fp. gravity of 1 .40) dilated with two ounces of water, 
which when warm produced eflfer vcfcence, and difcharged 
much gas ; after two days, a fecond, and fometimes a third 
ounce of the acid was added, and the digeftion continued for 
five or fix days, when nearly the whole was dilTolved, except 
the precipitate which was cenftantly feparated. 
and charcoal. Charcoal was next tried, which dilTolved more readily than 
(he pit coal, and left no refiduuno. 

The feveral folutions from afphallum, jet, pit coal, and 
charcoal, were evaporated to drynefs gradually to prevent 
burning the refidue, which from all were of a glofTy brown 
fubftance, of a refinous fraflure, and had the following 
properties. 

Properties of the ] . They were fpeedily dilTolved by cold water, or alcohbL 
fohu km f 2. Their flavour was aftringent. 

3: Expofed to heat, they fwelled much, and gave m balky 
coal. 

4. Their folutions in water reddened litmus paper. 

J 5. And gave copioufly precipitates from muriate of tin, 
ace file of lead, oxy-fulphate of iron, of a brown colour, 
except the tin, which was dark grey. 

6. They precipated gold in the metallic ftate from its 
folution. 

7. They alfo precipitated the nitrates of lime, and of 
barytes, and other earthy falts. 

' 8. The fixed alkalis, and ammonia added atfirft, deepened 
their coIoot, and afterwards made them turbid. 

9. They caufed precipitates from gltfe or ifinglafs fetation* 
In water, more or lefs brown according to their ftrength, 
which were folable in cold and boiling water, fo that in their 

* effcntul 
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ssfryflialgpcoperties they prowl fintilar tolhofe formed by the 
varieties of tannin hitherto known, except that they contained 
Ho gallic acid or mucilage. v , r • 

.Animat coal from ifinglafe was alto tried in the fame maimed Refiduum of 
•this difiblved very (lowly, but left a little of the coal tu>- 2*the fiune^ 
changed, its foluticn was of a deeper colour, and managed as qualities, nearly, 
the others deferibed, produced fimilar effeds with the re- 
agents, except fome difference in the colour of the precipi- 
tates ; and alb gave an itvfoluble precipitate from the folu- 
tion of ifioglafs; by which the curious fad is proved, that 
portion of the (kin of an animal may be made to convert 
another into leather. 

'Coak gave a fokilion rcfcmbling that of pit coal, but did of coak aUb- 
not produce the fame yellow precipitate. 

Thefe experiments (hew, that the tanning fubftance is belt 
procured from carbonaceous matter when it is uncombined cure( i from cvl 
-with any fubftance but oxigen ; which was confirmed by bon, uncombine* 
experiments on Bovey coal, Suflex coal, Surturband from bitoxigem 115 
-Inland, and deal faw-duft, which being diifolved in nitric 
acid, and evaporated, the refidues diftolved in water, neither 
precipitated gdalen, or (hewed any other figns of tanning 
matter; but when the fame materials are charred, and 
treated as before deferibed, they copioufly produced the 
artificial tan ; as did alfo teak wood, which Mr. Hatchett had 
proved to contain neither tannin or gallic acid in its un- 
charred ft ale, 

Mr. Hatchett had ipade feveral experiments on the flow Carbonization of 
carbonization of vegetable matters in the humid way, princi- 
pally by fulphuric acid, occaflonally diluted. Concentrated add. 
fulphuric acid poured on any refinous fubftance reduced to 
powder, diflolves it in p few minutes; the folution is traqf- 
parent, of a yellow brown colour, and a vifeid oft-like con- 
fidence, but after being placed on the fund bath, grows darker, 
evolves fulphuric acid gas, and at laft becomes a thick liquid 
of an intenfe black. 

Sulphuric acid of the above ftrength poured on common Effe£b vf (bin- 
turpentine dilTolves it readily, if a portion of the folution .ia 2ne in' ful^aovic 
then dropped into cpld water, a precipitate of common yellow Kid dropped into 
refin is formed ; if after another hour or two, another portion watCT * 

U treated in the fame way, the redo produced is of a dark 
brown, and that thus formed from a folution that has flood 

five 


Digitized by 


Google 



3SQ: .artificial tar. 

. fiv$ or fix boorsf. f* completely black. Wheii the digefiion is 
continued tor fbverardays/uhtif^rib mbre 4 gai is'gfwn but,* 
the r&i'ii wilt be 1 converted ’into abfack porous coil, wWdh ' 
does not contain any refin, if the experiment has beeh ^ro- * 
pfe’rly conduced. This coal Was about Ai per"teri£ df the 
' tefin ufed, and aftei 1 being expoled ih a platina Crucible IbofeTy ' 
covered to a red heal. Hill amounted to 30 ptr bait, and by * 
the flowiefs of its Combuftibn, and oltief circumftancfes,' ap-’ 
proached nearly the character of fome mineral coals. 1 
Trodu&sof this A portion of the coal, the black refiri, brown refin, ahd 
foM^sutiic refin" obtained from the turpentine defcriBed, and aTfb 

acid. tome of the turpentine itfelf, were each diflblved Fn nittfc 

acid, and reduced to drynefs; the refidua, which varied rh* 
colour from yellow to dark brown, according to the fubfiance 
employed, were diflblved in water,' and examined with 
ifioglafs and oilier reagents. 

Their refidues The folution from the turpentine refiduum, that of the 
after evapora- yellow refin, and the brown refin, did not precipitate 
with gelaten, gelaten. 

* c That from the blaqk refin yielded a confiderable portion of 

p * the tanning fubfiance, and that from the coal afforded it in 
great abundance. Hence it appears, that thefe Jubilances 
yielded artificial tan only in proportion to theif contortion 
into carbon. 

Various kinds of wood, copal, amber and wax, reduced 
to coal by fulphuric acid, yielded fimilar produ&s oh being 
treated svith nitric acid. 


Tan formed by 
alcohol. j 


Suypofition re* 
lativc to tan 
from peat. 


Mr. Hatchett formed the artificial tan from the refins, and 
gum refins (fuch as common cefin, elemi, aflafmtida, &c.) 
when reduced to the fiate of coal from long digefiion with 
fulphuric acid, by means of alcohol, without ufing any nitric 
acid : In the carbonized fiate mentioned, they are digefied 
in the alcohol, a portion is diflblved,' a dark brown folution 
is formed, which by evaporation yields a mafs fallible m 
water as well as in alcohol, and which precipitates gelaten* 
acetite of lead, and muriate of tin, but produces only a flight 
efild on oxy-fulpbate of iron. 

The author fuppofes, that the .tanning matter known to be 
evolved by peat in certain places, is effe&ed by a procefs in 
fome refpeds limilar to the above, finceif it was produced by 
its mere digefiion in water, all peat would afford it, which' is 
contrary to experience, 

Mr. 
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Mr, fl Hatchctt put lys difcovcry to tb^ teft of.ffal prodice, Leather made 
having finally couverUd Jkins into leather by the artificial tan 
procured as deienbed, but obfqrves,, tjiat the production of 
this fubftance, for the prpfent, mufi be confidered only a 
curioi^s chemical fad, not altogether unimportant, and no * 
capable of economical application, though he hopes, that Hope of its 
hereafter a procefs may be diicoyered for preparing |his 
fpecies of tan fufliciently cheap to enable tanners to u(e it 
in their bufinefs. 

There is reafon to fuppofe, that it would be fuperior to lUdon for 
common tan for this purpofe, as it appears from experiments 54 

mentioned in Mr. Hatchett's fecond paper on the fame fubjed 
(which will be fciven in the next number) that ** folutions of 
the artificial tanning fubftance feem to be completely impur 
trefqjble, neither do they ever become mouldy like theinfu- 
fions of galls, fumach, catechu, &c,” # 


VII. 

Memoir m the Difcovery qf a Factitious Puzzolana t preJbUed 
'to the French National Jnfiitute, by M. Do dun. Engineer rrt 
Chief of Bridget and Highway* in France f. 

TTbe depofited duft of ancient volcanic fubftances, has been Faditious p»*. 
Jpng ufed in Flanders, and the adjacent countries, as a fub-*°!* naaf 
flitute for the Italian puzzolana, under the name of trafs , or 
ajkes qf Tournai . 

M. Faujas has proved , by decifive experiments, made by that of Faojas. 
order of government, that certain lutulent eruptions of 
ancient volcanoes atVivarais, had the fame qualities as ill? 

* The peculiar tanning property of the water of certain peat 
bogs and mora/rcs, may be otherwife accounted for, than by Mtf. 

Hatchett's luppofition, 'by the Fad, that peat is not uniformly the 
predudion of the fatae vegetable fubftanies : wherever liebth, 
tbrtnentil, and perhaps fome other plants, are found in abundance, 
the peat water will have this quality j in the caie of h«;tth, at lea#, 
it cannot be doubted; and perhaps die peat which does not yield 
tun may owe this deficiency to the tqtal ab&nce of vegetables of 
this fpecies. — B. 

f ffiurnal de phj/iciit } Tom. $1. ' 

puzzolah* 
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puzzolana of Italy, and might be uled indeed of it. M. Bigg*, 
1: Y', 'a Swe<^ isalfo known to have compdfed an artificial purzo* 
lana cement, with a black, hard, and flatey fchift ; but untfl 
’ 1787, no one ever thought that the territory 6f Francte con- 
tained in abundance non- volcanic fubftances capable of taking 
- place of the Italian puzzolana with economy arid advantage: 

The difcovery which I here prefent has, like many others 
of great utility, been the effeft of chance. 

The habit of examining the nature of done in its bed, which 
enables the obferver to judge of its qualities at firft fight, fixed 
Stw great beds my attention on an immenfe quantity of calciform fragment* 

oxides fTSStet ^ * ron ore * ,n ^eds ^ rom e '£^t to ten ^ eet thicknef*; 
naudery. following exa&ly the parallelifm of the (lightly inclined de- 
Obferved burnt clivilies, in the neighbourhood of Caftlehaudery. I per- 
AeldT hkecom^ ce * ve d in the adjacent fields many fubftances of the ‘fame 
pad lava, nature fcattered over the furface of the earth, of violet, 
brown, and black colours, which from their appearance, had 
a perfect refemblance to compact lava, which feemed ex- 
traordinary in a country where there was no appearance of 
ancient craters, or of volcanic eruptions. Thefe I foon found 
out had been brought to this (late by ferving a* hearths or 
enclofures to the fires kindled in the fields by the peafantt, 
a- either for agricultural purpofes, or perfonal convenience when 

they watch their flocks in winter ; as I faw foon after many 
fimilar arranged by hand on one another for thefe purpofes. ' 
which finaUarity The fimilarity of thefe fragments to volcanic products 
them fitf(Ir linlC exc * tcc * m y defire 1° form a cement from them, by treating 
pussoUna. them in the fame manner as puzzolana earth. The great 
quantity of iron which thefe oxides feemed to me to contain, 
the abundance of their filiceous particles, and the alomen 
Which evidently entered into their compofitibn, tbeir great 
weight, and their non-effervefcence with acids, altogether 
made me prefume, that the cement formed from them would 
bind under water, and my expeftation was not deceived. 
Convinced by Fifteen months fucceflive experiments, to difcover the 
long experiment! proportion of lime which this oxide would abforb to harden 
to theftaBjm[ ,ty ,n waler * without cracking when in the air, hove convinced 
roe, that my fa&ilious puzzolona had all the good properties 
Propofed for ufc of that of Italy, without its faults. At this riirne I deterurifc- 
woikL PUbaC ec * t0 P ro P°f e ufe * n public works, and demanded that 
comparative experiments (hould be made between it and 

the 
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lUfiap puzzolana, jn prefepce of the Commiffanes of the *nd tned cam- 
Province of Languedoc, and of the Directors of the cana? Se*Commi!2iS 
tvb;ch joinstbe two Tea$ r Great blocks of Beton fcomp6fi«of Languedoc* 
tion made with both cements, were Jhrown into the refervoifs i^4rio^ 0 *f 
adjacent to the Jock of Saint Roch, at Caftelmanderyi being St. Roch. 
firft plaidered over with the refpeclive compofitions N *' 

Six months after, the water w as drawn off from Ae Wfies Its fuperiofity 
of mafonry, and it was then feen that the fa&itious puzza- 
Iona had acquired a fqlidity at leaft equal to that of Italy. 

The plaider made with the Italian puzzalona was cracked 
and chapped, but that formed from the fadilious kind had 
entirely preferved the unity of its furface. T , 

The dates of Etats of Languedoc altogether convinced of Tcgltaoqy to fa 
the authenticity of this difeovery, by the refults of the 
parative trials of both kinds of cement which they had feen, guedoc. 
and by the certificates of their coram iffaries, and perfuaded 
of the great advantage it would be to France, decreed in 
' 1789, ,in their lad meeting, that the factitious puzzolana 
fhould not only be ufed indead of the Italian in the works 
binder their direction ; but moreover, that it fhould be 
demanded in favour of the author of it, as a tedimony of 
public gratitude, that government fhould authorize the free 
circulation of it every where. 

The great confumplion of this factitious puzzolana obliged 
me to extend its manufacture, I formed a parlnerfhip with * 
the proprietor of the ground. The foundation of an edablifh- 
ment on a great fcale was laid at the mountain itTelf where 
the materials were found. The works carried on in its 
vicinity were likely to farther reduce the cod of the article, 
which was already one half lefs than that of Italy, and 
the public were about to enjoy the advantages of this mania* 
fadture, when the revolution paralysed every thing. Stopped by the 

In 1791 I informed ti e condiment aflembly of this d?f- Th^difcovery 
covery; the certificates which proved it/and the refults pf declared to the 
the experiments were depofited at the office ; the matter was ^ on Jj tucnt 
/Ordered to be examined by M. M, Pelletier and Berthollet, ** - ' 
and, the aflembly confidering, that this fa&itious puzzolana 
might be pf the greated ul'e to France, decreed that 2000 
francs fhould be granted to its author, which was paid ab- 
idingly* 

, . , On ' ' ; 
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On this occafion the celebrated Mirabeau declared tEe 
^fcovery, to be fo valuable, “ that if it had not yet' been made, 
public encouragement Jhould be held out to excite it * 
,The£onftUuent AtTembly withed to have numerous fimiTar 
eftablifhroents fet on foot in France, fo well were they con- 
The troubles of vinced of its national importance; but the misfortunes <>f tie 
theimnofeAum*' 11 ^ prevented the execution of a proje&, which the grand 
«f»fc/ Chief of the empire may eafily realize, to the advantage of 

the country, whenever it feems good to him to do fo. 

Refearches on the amelioration of our cements, and parti- 
cularly on the nature of the materials proper to form artificial 
puzzolana, led me to try the calcination of various fchirfs, 
of the bitumcnous, ferruginous, and argillaceous forts. 
Examination of The black flatey fchift of-M. Bragge, focoMmon in France, 
different’ fchi was no t forgotten: It is almoft the fame as that which the 
, elder M. Grathieu effayed at Cherbourg laft year ; but I have 
Contain too little conflantly found that thefe fchifts always contain too little 
»ron for pui*o- j ron ^ j perceived that their repulfion of the water was floW 
and feeble, and that their folidification in the water was owing 
to the good quality of the lime. 

. I was thus obliged to recur to ray quartzofe oxides of iron, 

from their containing a greater quantity of ferruginous prin- 
PuzsqUum owe ciples ; and can aver with the fkilfui Faujas, that the puzzo- 
die iroii^con- l ana * owe l ^ r P ro perty °C hardening in water folely to the 
tained. ferruginous parlicles which they contain: of this I have had 

many proofs, This truth is farther demonftrated in Ihe pud- 
t fb n g~rt° nes > *l ,e brtfeias, and generally in all the amygdaloides 
% ' with a ferruginous bafe or cement. 

Theory of ce- The theory of our cements is bat little advanced ; perhaps 

nentslittte ad- we t a k e Cmple conjedlures for proofs relative to them. We 
effedt the regeneration of files, and of the carbonate of lime; 
we know the add gafes which perform the principal paft in 
the affair : but in this important work we have been long ig- 
norant of ihe degrees of their reciprocal affinity, their quan- 
tity, and the mode of their refpedive combinations. Our 
y knowledge on this matter is confined to a few fadts. 

Two different , Many experiments have proved to me that the puzzolana, 
which fooncfl forms a body in the water, is not fit to be etn- 
v ployed in the open air, where it cracks and chaps irtalldi- 

cedtions. And that which is proper for the rfir, and Which ac- 
quires 
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quires and prefects its tenacity is it, feta but imperfectly in 
water? This difficulty, of which the Inftitute will perceive 
the caufe, has, obliged me to keep two forts of the hid it bus 
puzzolanajon the reciprocal ufe of which a memoir of hi- 
Arabian w»H. acfiompany the faie. The two forts maybe 
^diAmguittied.by their colour. 

The fa&itious puzzolana proper for works under water, is One At for 
of a reddifb-brown. That which is fit for works expofed to wata>wor h»* 
the air, is a dark violet. The latter is ufed for terraces; the Another forex- 
embankments of J>afon?, for the coropofition of indofores, or Jn^proper foe' 9 
for light roofs. Bridges of a &ngfe arch may be formed with terraces, rooft, 
ft ; and J have feeo it adhere fo firoogly to glazed tiles, that archc * 
it was nqcelTiify to. break the tiles to detach, it. 

Thq puzzolana proper for conflsuctions beneath the Water, Water putxola- 
/onps. thp iuqA folid body in it. Three months after immer- 
jGor>, it is an actual Aon? capable of receiving a polifli. The ti/h. 
lime jn it is always regenerated into carbonate of lime in ten 
•.weeks. 

When it may be thought by any one that he has been de- NulHtjrofe&tt 
ceived as to the certainty of thefe effe&s, it will always * 

found, that he either has not obferved the quantities dt reded operator, 
of the puzzolana and the lime, or that he has ufed the reverfe 
of that kind. of the cement proper for the work. 

I commonly ufed lime in the Aale of impalpable powder, Lime.vfaiin 
decked ir\ Laiaye’s manner, for works expofed to the air ; pow<lcr Wltl * 
and employed lime in the Aate of putty, for works which were tnd 1“ putty, 
io be .covered with water. Sometimes I ufed lime in powder 
for the fame work. This difference depends on the degree of 
goodnefs of the. lime, on its greater or lefTer richnefs, or its 
^proportional. poverty. Cufiom gives the advantage of know- 
ing the different kinds oq mereiofpe&ion. 

, The ufe pf lime in powder appeared to roe to merit a pre- 
ference in the preparation of mortars or cements. I prepared 
my fa&itious puzzolana in a certain quantity as foon as I knew 
the proper proportion of the lime ; and 1 had thus the 'ad- Advantage* of 
.vantage of being able to work it in troughs in the fame SwSs*ready m *** 
ner as.fulphate of lime. The whole was well mixed together mixed, 
and put into facksi by which means the roafons had nothing 7 
to dp wiib.the. rnjxtu/e^ of. the articles (which is too often left 
to unprincipled workmen); and. being thus matter of ibere- 
t fpe&ive 
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fpedjve proportions of the puzs^olana *nd the lime, X^ojpid 
always be a (Tu red of the folidity of my cements. i : r "i 

txttrior chant* There remains for me to deferibe the exteijor charaders of 
the quart ziferous ferruginous oxides, which form the bads of 
my {editions puzzolana, and to relate the analyfis of them 
which I made about 18 years ago. I wilt content myfelf with 
offering the comparative refults with the Italian puzzolana* 
both in the dry way and the moift. 


Exterior Charaders cf ike quarttiferom Oxides of Iron. 


Their colour is of a reddifh-brown before calcination, or 


Slight talci- 
nation changes 
them from brown 
to red* 

A greater 
changes them to 
a deep brown. 
Long continued 
heat renders 
them black and 


flightly violet. A light torrification gives them a clearer redtiat 
or a deep violet : one more intenfe renders them of a deep 
brown or of a violet-brown inclining to a black. The degree 
of the calcination for ufe is confined to thofe two dates. 

Urged at a longer continued heat, the colour becomes a 
deep black, then the fubftance' becomes porous, entirely fimi- 
lar to certain lavas of our modern or ancient volcanos, with* 


forous like lara. w j,ich it is then difficult not to confound them. 


Their ffnaure Their fradure is grained and a little earthy, and fmall cryf* 
and they * a * s 9 aarlz ma y be diftinguiftied in them by the naked eyey 
contain* quarts and almoft always angular fragments of gray or m^lky quartz; 
cryttali. a powerful magnifying lens caufes in fome fragments the dsf^ 

Needles of covery of needles of Ichor!, the amphibole of Hauy, and fome 

fchoH, tmphl- f^n tourmalines. 

Their fmell is ftrongly argillaceous on breathing on them 
with the mouth. 

There is no fire produced by the ufe of the fteel, when kr 
does not (trike a quartofe particle. 

They do not eflervefee with acids either cold or hot* 

The magnet ads a little on thefe oxides before caJcinatknM 
and ftrongly, or perceptibly, after it. 

The medium weight of a cubic foot is 125°; that of the 
Italian puzzolana is but 91 


ana cour- 
Snalines. 

Thtir tmell ar- 
gillaceoui. 

Give no fparks. 


Do not dFer- 
vefce. 

Are affe&ed by 
the magnet. 

Weight of * 
cqbic foot. 


AnaJyJii by the moift Way . 

Analyfis in the I Hiall not weary the affembly by a detail of the mapipola* 
^X^ C|i0,w relative10 ^ veD ^ and re*agents whjcbjutiifa^or 
92 th the decompefilion of bodies, and (hall only, lay, tbat ; fik?Sq 
iron, alumen, and a fmall portion of omngaaufc, Mq 
fluent parts of thf fe oxides* v 

I repeated 
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p 1* fcpetfW thefe ^tperimentfe matiy times, and Imd Tbf i 
medium refult froth an bundled pounds, chemical weighty ‘ ^ 

56 parts of filex; ( 

31 - — - of iron s . * # \ * ' 

* v - / ■ 1 1 ■ ■ t f 

t 16 — ~ of alumen ; 

3 qf manganefe, and fols. 

10D *’ ' •* 

If tins anal^lls be compared with that 4 of the puzzolana 0 ^ pu **®lawi* 

Italy, which contains in 100 parts — 

30 of (ilex ; > 

25 of alumen ; 

, , 16 of iron ; 

3 of lime; 

6 of k>fs; 

100 

Aeir refpedlve properties may be appreciated according to 
the proportions of their integrant parts. 

The excefs of alumen caufes the platfters made from the Excels of alu- 
Itttian pUXzolana td cfack and chap in the open air : this jJ^Ua^kixul 
fault *arffes from fheir great oxidation, I have been abfe to crack, 
replace in them thofe principles which they loft by deebih* 

-£6fiticto. 

Amlyfis in the dry Way . 

I endeavoured to obtain a regains from thefe oxides of iron Analyfis in the 
by oft ng a violent heat. I followed the procefs of Kirwan j^^a’ipro!^ 
for the fufion of filiceous and argillaceous ores of iron ; yet I cefles; 
never obtained a tingle metallic button ; Und only found at the afforded no 
bottom of the crucible'a vitrified mats of art opaque black, oe meu1, 
a fcoria in the ftate of crude cat! iron. 

"Defirout to knotr if I doold probure a malleable button The blowpipe 
by uting the blowpipe, taking borax for thd flux and fupport-^y 
ing the oxide on charcoal ; I ftill could only obtain a fpongy 
ingot refembling crude caft iron, and breaking both when hiot 
arid when cold. 

Being placed on a fupport of glafs (according to my method The oxide f*Ui 
poblilhed in the' Journal de Phyfiqae, Tome XXXI. pages 00 
lid and 13$), the oxidd fufed at the fecond attempt the fup- 
VoL. XII,— SUPPLEMENT. Z port 
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port was coloured green, and fmall grains of iron were fees 
to pafs firft of a dark-green colour, then of a bright green, and 
afterwards to difappear in evaporating. There remained on 
the globule only a (light tinge of biadtifh-green. 

Gtacrai refult* The refult of all theft fc&s fee ms to be, that this oxide 1 is 
entirely deprived of its metallic principle, and that it* fa per- 
©xigenation renders it reducible and refra&oty, 

JHit ozMe may The arts may draw fome advantage from thefe oxides, by 
** ***** ufing them in pigments for buildings, I fucceeded after many 
: wafhings, in extracting from them a beautiful brown-red 
colour equal to that of commerce, and applied it to ufefuc- 
eefsfully.* 

* This paper has been abridged hi its introduction, in the details 
relative to negociations with the Conftituent AiTembly, and in feme 
other points a little irrelevant to the puzzolana; but all matters 
dire£Uy tending to illuilrate its nature and properties have beat 
carefully copied. 

M. Dodun's difeovery may be of fome ufe to this country, as 
there are in many parts of it large mattes of iron -done, apd fame 
is found in the vicinity of mod coal-mines. 

It has been long known that iron ochres have the feme property 
of forming puzzolana with lime, when properly roaded, and this 
circumdance is mentioned at large in ChaptaTs Chemiftry. A pa- 
tent has alio been obtained in this country for the application of 
iron pyrites to the 'fame porpofe, the right to which was parebafed 
long ago by Mr. Samuel Wyat. But the novelty of M. Down’s 
difeovery is, that poor iron -done is equally fit for this nfe, os the 
other fub&mces mentioned, which is of die more importance at 
it it very plentiful, and may often be procured in fituation* wheat 
the others cannot. 

It may not be amifs to mention here, that hafalt treated in the 
lame manner, has the fame property as the puzzolana : the whin- 
done, of which the ovoidal paving-ftones confid modly. Is of this 
kind j and it it found in great abundance in theft countries, in 
different forms*— B# 
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VIII* 

Experiments and Okfervaiims upon the Contraction qf Water tty 

HfM at tow 7mper&urcs. %Thom4S Charlbs Hope, * 

. M> A K B. .#• Ed* Prqftfor qf CkaniJUp in the Univcrjity 
qf Edinburgh, f rom ike Edinburgh Philojbpkical Tranfudions^ 
for i$Qk 

To the general Jaw, that bodies are expanded by heat, and Exptaflon of 
coptraQed by cold, water at the point of congelation, and™^^* 
for fome degrees of temperature above it, it feems to afford a freexin l &***• 
very Singular and curious exception* 

The circuraftsnces of this remarkable anomaly have been for 
foots time believed to be the following a 

When heat is applied to Water ice cold, oral a temperature General or ufud 
not far diflant, it caufes a diminution in the bulk of the fluid, *** 

The water contracts, and continues to contra#, with the aug* Ice-cold water 

mentation of temperature, till it reaches the 40lh or 41ft de« cont J a ®? ^ irt * 
> create of temp# 

• gree. Between this point and the 42d or 43d, it fuffers to about 41 % 

fcarcely any perceptible change ; but when heated beyond the * nd th€n c *“ 
laft-mentioned degree, it begins to expand, and increafes in p ** 
volume with every fubfequent rif&of temperature. 

J)uring the abftraftion of caloric, the peculiarity in the con* and fuffers the 
dilution of water equally appears. Warm water, as it cools, 
fh rinks, as other, bodies do, till it arrives at the temperature of 
43? or 42°# It then fuffers a lofs of two degrees without any 
alteration of denfity. But when farther cooled, it begins to di- 
late, and continues to dilate, as the temperature Bails, till con* 
gelation actually commences, whether this occurs as foon as the 
water reaches the 32°, or after it has defeeuded any number of 
degrees below it. 

{SuppoGng this peculiarity of water to be eftabliihed, it muft This fuppofed 
appear, indeed, a very odd cirgumftance, that heat thould pro* ba# 

duce contra# ion in this fluid, while it caufes ex pan fi on in other 
bodies # ; and no lefs Grange, that within one range of tempera* 

* Is this mode of change peculiar to water f — I do not know of 
any experiments with other fluids, except that mentioned on page 
343. Perhaps it may be common to all, or at leaft to all thofe 
which expand by congelation. Decifivc trials of this point are the 
shore defirabje, becaufe fome of Couot Romford's general indue* 
tions require or fuppofc that/cawater (hould not be thus affe#ed.-»~N. 

Z 2 tur# 
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(ure it (honld contra#, and in another expand, the very Came 
fubflance. Before a deviation from fo general a law fhould be 
received as matter of fa#, the proofs of its exigence ought to be 
dear and indifputable, 
been hitherto The experiments hitherto publifhed, from which this fingula- 
wperimenaTn ^ as been deduced, have all of them been performed upon 
narrow necked water contained in inftruments fhaped like a thermometer glafs, 
veflels, and confiding of a bail with a (lender ftem ; and theexpanfrve 

or contra#ive effe#s of heat and cold have been inferred, from 
the afcent or 'defeent of the fluid in the Hern. 

•f which the ca- To fuch experiments it has been obje#ed, that the di men (ions 
bj^hangeo/*^ an< * °f (be inArumenl undergo fo much change, from 

temperature. variation of temperature, that it is difficult, if not impoffibfe, 
to determine how much of the apparent anomaly ought to be 
imputed to fuch changes, and that it is not improbable that the 
whole of it may be aferibed to them. 

The author , The obje# of this paper, which I have now the honour 

^odbex'i^nf *° ^ oc ' el - v ' * s *° P rove by a ^ °f experiments, 

# condu#ed in a manner altogether different, that the common 
opinion is founded in truth, and that water prefents itfelf si 
that flrange and unaccountable anomaly which 1 have already 
deferibed. 

Previous hiftory. It is worth while, before detailing my experiments, to 
give a fliort account of thofe obfervations which led to the 
difeovery of the fa#, and which in fucceffion have extended 
, our knowledge of it, as well as of thofe obfervations which 
have at different periods been offered to diferedh, and to bring 
it into doubt. 

Dr. Croune firft The firft obfervation relative to this fubje# was made by 
?k™ edlhat , Dr. Croune, towards the clofe of the 17th century, white 
expand before it engaged in inveff igating the phenomena of the great and 
freeses. forcible, though familiar, expanfion which happens to water 

at the infl&nt of freezing; a matter which occupied in a 
confiderable degree, the attention of his fellow-memben 
of the Royal Society of London in the earlier years of that 
inftitution. 

His narrative. I (hall relate in his own words his firft obfervation : 4t I filled 
fcewwTthat”* 01 a ^ ron S bolt-head about half-way up the ftem with water, a day 
water rofe in a or two before the great froft went oft*, marking the place where 
long necked the water flood ; and placing it in the fnow on my lead*, 
S^T yC °° while I went to put fome (alt to the fnow, I found it above 

the 
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tb o mark To Toon, that I thought the mark had flipt down, 

— which I prefently raifpd to the water, and as foon as ever I 
mixed the fait with the fnow, the water rofe very fiaft, about 
one-half inch above it. I took up then the glafs, and found 
the water all fluid Aill : it was again fet down iji the fait and 
fnow ; but when I came about an hour after to view it f the 
i>all was broke, and the water turned to hard ice, both in the 
♦ ball and ftera V* 

From this experiment Dr. Croune drew the conclufion, that Whence he m- 
water,, when fubjeded'to cold, a&ually began to expand before 
it began to freeze. On announcing it, however, to the Roya) But Dr. Hooke 
Society, on the 6th of February 1683, Dr. Hooke immediately JjjT 

expreffed ftrong doubts, and aferibed the afeent of the water fch 
in the neck of the veflel to the (hrinking of the glafs occafioned 
by the cold. 

To obviate this objection, and to preclude, as far as was pof- Dr. C. repeated 
Able, the influence of the change of capacity in the a PP aratus ^ , c f*^ c ^ l v ^J lt# 
from an alteration of its temperature, a bolt-head was immerfed in a veflel pre- 
in a mixture of fait and fnow, and into it, when cooled, was vioufl y 
poured, to a certain height, water previoufly brought to 
near the freezing point. The water began inftantly to rife as 
before, and when it had afeended about one- fourth of an inch 
in the ftem, the veflel was taken out, the whole water remaining 
fluid. 

Thefe experiments, fupported by others of a fimilar nature, which gave &• 
communicated by Dr. Slare to the Society on the 20lh 0 f ti, **^ iwi * 
the fara^ month, appear to have fatisfled its members, in ge- 
neral, of this fa£t, that water, when on the point of congealing, 
and while dill fluid, is a&ually fomewhat dilated previous 
to the remaf kablfexpanflon which accompanies its converfion 
into ice. 

Dr, Hooke, however, continued unfhaken, and retained the but not to Dr. 
doubts he had exprefled. Hooke. 

Remarkable as the fa&, as now flated, muft have appeared, 
itfeems not to have excited particular attention, nor to have fo- 
licited more minute examination; and indeed though phi. 
lofophers did not lofe fight of it, yet for near a century no 
one inveftigated it more carefully. Mairan, in his treatife 
on ice in 1740, and Du Creft in bis dHTertation on thermo- 

Birch's Hiftory of the Rojal Society , Vol. iv. p. 263. 

meters 
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mtLtn in. 1757, appear to be well aware tif this property 
Modern expert- of water, but ilia to M. Do Luc that we owd*the knowledge 
roent* of Ps of the leading and more intefefting circtHnft&nce** * (*6d4 Re* 
okrcAcr, $rc, 1772.) 

Having devoted his attention to the examt&atton andtnv- 
provemeot of the thermometer, be was naturafly led* U* the 
inveftigation, while engaged in afeertainmg the phenomena 
of the expanfion and contraction of different -fluids by heat 
and cold. 

He uted thcr- He employed in his experiments thermometer glades ; and 
*ed l folmd*^ tl, the hooded water, at or near the terra of liquefaction, de* 
water to defceod/cended in the (lets, and appeared to him to fufier a dimara-, 
4 i%°ju^Aen ** on every increafe of temperature, till it arrived 

tffetUljfreesiiigtat the 4 id degree. From this point its volume hxnreafed 
with its temperature, and it afcended in the lobe. This fluid, 
when heated and allowed to cool. Teemed to him to contract 
in the ordinary way, till its temperature funk to the 41°, but 
to expand and increafe* in volume, as the temperature fell to 
the freezing point, 

Thedenfity of water, be thence inferred, is at its maximum 
at 41 p , and decreafes with equal certainty whether the tempera* 
tlire is elevated or deprefled. 

lb Ast ttt4«a- . hL.de Luc lays, indeed, that very nearly the fame oftemlion 
ttyf *pt*m v ^ ume l * ^cafioued in water of temperature 41 °, by avariafc 
the tame* lion of any given number of degrees of temperature, Whether 
they be of increafe or of diminution ; and confeqeently that 
the denflty of water at temperature 50, and aticmperhttxi* 
82°, is the fame. ^ 

JTuthewy, This philofopher did not conceive that the CopiKMiett df 
water, in relation to caloric, undergoes a change at the terns 
perature of 41°, fuch that (hort of this degree caloric fhoutd 
ocoa$qn contraction, and beyond it expanflan. He rmagified 
that heat in all temperatures tends to produce two but qiiite 
oppofite eflefts on this fluid, the one expanfiotv the othdr 
cpotraAioq, * < - 

In lpw temperature v the contsaAive effects forpefsAe 
e^panflve, and contraction is the oonfequence : In i temper 
i$tur^ beyond 4i 9 , the expanfivw predominate, and the 
Tifibje expanfiotv it too of tbo eapaafiire ofxsstim am* 

, o ’ 
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rlo 1788, Sir Charles Blagden added the curious obfcrv*- obf 
Itons, that water, which by flow and undidurbcd refrigera* wafer m«y be s 
lion permits its temperature to (all many degrees below its tooted many ie» 
freezing point, perfeveresin expanding gradually as the tem* *£?Vithout 
peratare declines; and that water having fome muriate offreesing, and 
foda or fea-felt diOblved io it, begins to expand about th# ^ 4 “*** ttr 
lame number of degrees above its own term of congelation 
that Jhe expan (ion of pure water precedes its freezing, that 
is, between eight and nine degrees. More lately, (Philojb- 
pldcal Tranjii&ious, 1801), he, or rather Mr. Gilpin by his 
direction endeavoured to afeertain, by the balance and weigh- 
ing bottle, the amount of this change of denfity caufed by a 
few degrees of temperature. 

Every one mull be familiar with the ufe which Count Rum- Coop* Rum- 
ford has made of this peculiarity in the conftitution of water, 
jo explaining many curious appearances that presented them- do&rine to die 
fclves in bis experiments upon the conducting power of fluids, of "** 

and in accountiug for certain remarkable natural occurrences! 

The Count, with his ufual ingenuity, has endeavoured to point 
OUt the important purpofeq which this peculiarity ferves in the 
economy of nature, and to aflign the final caufe of fo remark* 
able an exception from a general law. 

In recording the obfervations and opinions that have been Ms* P *** 00 ’ 1 
publ idled concerning this point, I might now, in order, notice e,p * * 
thofe of Mr. Dalton of Mancheder, related in the fifth volume j - 
of the Manchefter Memoirs , which tended to confirm and enlarge 
our knowledge of it. But as Mr. Dalton himfelf has called in 
quedion the accuracy of the conclufion which bad been drawn 
from bis experiments, and from thofe of preceding obfervers, I 
dial} only remark, that they are of the fame nature, and nearly 
t*> the feme purport, as thofe of M. de Luc, 

It w;as id confequence of a communication with which Mr. I®**’ 100 * 
Dalton feyoured me, three months ago, that ray attention was ^onctofiont, 
directed to this fubjeCL He informed me, that after a long 
train of experiments he was led to believe that be, and his 
predeceflofs in the feme field of inVefiigaiion, bad fellen into 
a aufuke with regard to the contraction of water by heat, 
and lU expand on by cold, in confequence of overlooking or 
underrating the efied which the change in (he capacity of the 
thermometer-fliaped apparatus employed, mud occadon on the 
apparent volume of the fluid. He dated, in general terms, 

that 
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beeaufe the th^L 99 fubjeCbng wajtcr to different degrees of temprrttwe, 
app2ewt 8 dwfity ,n biftruraent* made of different materials, be {band the point 
is different in of greateff denfity was indicated at a different temperature io 

different vefleUj • t 

▼i*. In earthen- m 

wufcatj**, In an apparatus, having a ball of eartheh-ware, it was 
degree; °f gla^ at ^ *2d» of .braf* at the 
$0*1 .46th; and of lead at the 50lh. And as water cook! net 

follow a different law, according to the nature of the fub/lance 
of the inftrument, he conceived that the appearance of ano- 
maly in this fluid originated entirely in the containing veflel, 
which muff caufe the fluid in the (lem to fall or rife according 
as its expanfions are greater or lefs than thofe of the included 
liquor. 

A detail of thefe important experiments has, ere now, been 
tranfmitted for publication in th e Journals (f the Royal InjUtmtim 
of London *. 

I have already noticed that Dr. Hooke endeavoured to ex- 
plain in the fame manner the original experiment of Dr. Croone. 
This explanation apparently gathers much force from thefe ex- 
periments of Mr. Dalton. 

It is proper, however, to ffate, that M. de Luc was perfedMy 
aware of the alteration in the dimenfions of his glafs apparatus 
but deemed the change too trifling to have any material in- 
fluence. 

Sir Charles Blagden paid greater attention to the circum- 
flance, and by calculation attempted to appreciate what allow- 
ance ought to be made for the change of capacity in the amount 
of the apparent changes of volume. 

When it isconfidered, that the whole amount of the apparent 
change is but very fmall, and that the expanfibility of iheglafe 
is with difficulty afcejtained, and is variable by reafoa of the 
fluctuating proportions of its heterogeneous conffituents, h muff 
„ be acknowledged, that precition in fuch a calculation cannot pof. 

andwariou* ret- flbly be attained, and can fcarcely.be approached. On this ac- 
ground fw count, all the experiments already noticed are open to the 

doubt. explanation of Dr. Hooke, and in Gome raeafure liable to the 

objection whit h he had urged. I confefs, that the experiments 
of Mr. Dalton, in per/eCt concurrence with that explanation, 


JUr. Dalton 
fup ports Dr. 
Hooke. 


De Luc and 


Blagden were 
attentive to the 
veficl; 


* They were tranfmitted to our Journal by the author in Vol. X. 
page 93. 
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created condderable doubts refpe&ing the exigence of the, pe- 
culiarity of water; againd the probability of which circum- 
flance, all analogical reafoning, and every argument d priori , 
flrongly militate. 

Unwilling to remain in uncertaintyi and conddering it as a The asthort 
point of much curiofity and intereft, I have endeavoured to in- • 

ve (ligate the fubjeCt by experiments conduced in a totally dif- uncertain bjtbt 
ferent manner, equally calculated to exhibit the fingular 
truth, but free from the objections to which the others are 
liable. In them, it was my objeCt to provide, that neither the 
changes of the aCtual volume of the water, nor the alterations 
in the dimenfions of the inftrument, (hould have any influence 
whatever. 

I have already taken occafion to (late, that the purpofe of this 
paper is to prove, by experiments on the principle now men- 
tioned, that in the conditution of water there really exifts the 
Angularity often noticed. 

I (hall fird (late the. plan of the experiments, and then detail 
the particulars of the mod remarkable of them. 

When any body is dilated, whether hy heal or cold, it necef-Hls attention 
farily becomes lefs denfe, or fpecifically lighter; and the oppofite 
effeds refult from contraction. This is the circumfiance,aseve- water rife® or 
ry one knows, which caufes various movements among the par- 
tides of fluids, when any inequality of temperature prevails in change* of tem^ 
the criafs; hence thefe particles arc little acquainted with a date peraturej 
of red. 

If a partial application or fubtraClion of heat produce an in- 
equality of denfity in a mafs of fluid, the lighter parts rife to 
the furface, or the denfer fall to the bottom. 

It readily occurred, that I might ayail to rayfelf of thefe move- 
ments, and upon datical principles determine the quedion in 
difpute. 

I had only (o examine attentively water, as it was heated or which could be 

cooled in a jar, and to obferve, by means of thermometers, 

r » i . i roometen duly 

what (ituation the warmer, and what the cooler parts of this placed. 

fluid affe&ed. 

If I (hould find that ice-cold water, in acquiring temperature, 

(bowed, in its whole progrefs, the warmer parts near the top, it 
would indicate that water follows thcufual law, and is expand- 
ed like other bodies by heat. 

Or if I fliould obferve that warm water, in cooling to the For the cold 
freezing point, bad the colded portion uniformly at the bottom,* 0 ^ 0 "* °f 

the WltCr “H" 1 
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cotmucTiOV of wate* b 1 .41# 

#Jjamgs of tem- At fstne cpnclefiou would follow ; while a different infermee, 
confant] y^be * a t *** iheexiftenbe of t befu ppofed anomaly, wo* id be dedocfyfo 
the bottom, if Aoold tbe event prove different. The onlycircumfiance, I tma 
^ftfrough. figure to my felf as tending in Any meafetre to render this mods 
® of examining the point doubtful, is, that water near its congeal 
' " ' f ing point may have fo little change of denfity occafioned by a 
' fmall variation of temperature, that its particles may be prevent-* 
td by their inertia, or by the tenacity of the circumfluent vomit; 
from afliimiog that fituation which their fpecific gravity would 
allot to them. 

It will appear, however, very dear, from the circumfiance* 
of the experiments which I (hail immediately detail, that na 
oh Ancle to the fuccefs and precifion of the experiments pto* 
ceeded from this fource. 

It is not neceflary for me to relate all the experiments I have 
ma<}e, I (hall reftrift myfelf to the detail of fix, which prefent 
varieties in the modes of procedure, and which afford the mod 
fbriking refnlts, 

Exp. iw Ic«f £sp» 1. 1 filled a cylindrical jar of glafs 8-f inches deep, and 4§ 
coUMvjscr «x- | n diameter, with water of temperature 32*, and placed it on 
atmotpliere, was a table, interpofing a Confiderable thicknefs of matter poffeffed 
wtaex{il 9 ) G f little power of conducing heat. I fufpended two thermo* 
•farwhicMt* meters in the fluid, nearly in the axis of the jar, one with its 
wm warmer at ball about half an inch from the bottom, the other at the fame 
di fiance below the furface. The jar was freely expo fed to 
the air of the room, the temperature of which was from 60* 
to 62°.» 

The experiment commenced at noon : 



Top Thermom. 

Bottom do. 


32* 

32* 

In 10 minutes. 

33 + 

34+ 

— 30 

35.5 

37 

— 50 — 

- 37 

38+ 

— an hour. 

38 

38+ 

— — . and 10 minutes, 42 

38.25 


30 44 - 40 

50 46+ - 41 + 

— 2 hours and 10 minutes, 48 - 42.5 

— — - 30 50 ' - 44 

t -50 50.5 45 

- •— 4 hours, • 54-49 

Confiding 


) 
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COJKTFACTIOH OF WATU1V HFAT^ am 

Ceotidtng in the iodkritiont of tbe thermometers, from 1 tWa ^ ' - 
experiment We learn, thatwben heat flows on all tides from Use , 
aaribfepi air Into a cotann of ice-cold water, the warmer potk 
lions of tbe fluid actually defcend, and take pofleflion of the bot- 
tom of the vefleh 

This downward courfe proclaims an increafed denfity, and Whence It U 
Unifies that the cold water is contracted by beat. As foon; SctoWw (u^. 
however, as the fluid at tbe bottom exhibits a temperature of per) fluid was 
68 °, this coorfe is retarded and foon flopped, and with the rift rarer •* *** 

1 1 tcropem y ret 

of temperature beyond 40° is totally changed ; for when tbe near freezing $ 
attains this degree, the experiment equally (bows, that Hie JJ*imer 
warmer fluid afcends and occupies the fumrait, by its route an* was rarer at the 
nouncing its diminiflied dcntity, and proving that water is now higher part of 
expanded by heat. **“ fcalc# 

Exp. II. I tilled the fame jar with water of temperature 53°; and E*p. a: Water 
that I might obferve the phenomena of cooling, I placed it in * ** 
the axis of a much larger cylindrical veflel, nearly foil of water, cooled by enve- 
of temperature 41°, and, by an earthen-ware fupport, raifedit 
about three inches from the bottom, taking care that the water water, it wn 
fhould be on the fame level in both veflels. As foon as I bad ^«*aer at wp 
adjufled the two thermometers, as in the former experiment, 1 w^ ^ * 
observed that the top of the fluid was flill at 53°, but tbe hot- w »«nw ( 4 *+) 
tom had fallen to 49°. below. 


In 9 minutes, 52° - 45 

— 15 — 52 * 44 

Now, to accelerate the cooling, I withdrew by a fyphon 
the water from the large cylinder, and fopplied its place 
by ioe-ookl water, mixed with fragments of ice, which by 
repeated cautious agitation was kept uniformly at the tempe« 
rature of 32?. 


In 23 minutes. 

48° 

- 

42+ 

— 33 

44 

- 

40 

— 43 

42 

- 

40 

— 46 — 

40 


40 • 

— 52 

36 

- 

40 

— 58 — 

35— 

- 

39 

— 65 

34 

- 

37 

— 75 

34 

- 

36 

. 103 

34 

- 

34 
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34 * CONTB. ACTION OF WlTtR BY HEAT# 

This experiment is the counterpart of the foregoing, and Cram 
the teftiraony of the fame instruments, it appears, that whets m 
cylinder of water of 53° is cooled by circumfluent iced fluid,, 
tiie colder part of the water takes pofTedion of the bottom of ibe» 
velTel, foas to eftablifh a difference of temperature from the fur- 
face, amounting fometimes to 8°. And that as Coon as the ft aid 
at the bottom arrives at the 40th degree, the temperature of the 
fluid in that Situation is flationary till the fur face reaches the 
fame point* 

Whence the During the fubfequent refrigeration, the progrefs of the 
Udeduced a*^T co °li n ^ undergoes a total change. The thermometers teU 
the former ea- that the colder fluid riles to the furface ; fo that the top gets 
patent* the ft ar t 0 f ^ bottom foon by 4°, and attains the low eft 
temperature of 34° very long before the other falls to the fame 
degree. 

Thefc circum (lances, I think, lead to the coriclufion, that by 
the lofs of caloric, water at 53° is contracted and rendered fpe- 
• ciflcally heavier, and that this continues to happen till the water 
come to the temperature of 40 p , at which period an oppolite ek> 
fed is produced ; for now the water, as it cools, becomes fped6* 
cally lighter, or is expanded. 

In this, as well as the former experiment, the complete 
change in the fituation, which the warmer and colder parts of 
the fluid affeded, in the progress both of the heating and cool* 
ing, while every externa! circumflance of the procefs con- 
tinued unaltered, is particularly worthy of remark. 

Ixp. 3. A tall Exp. III. Itookaglafs jar, 17.8 inches deep, and 4.5 in diameter 
inch« high** Internal meafure, having a neck and tubulature very near the 
containing water bottom. I provided alfo a cylindrical baton of tinned iron, 
coded ’round its ^ * nc ^ es ^ ee P» anc ^ 10 inches in diameter, with a circular 
Mpptr fert by hole in the middle of the bottom, large enough to receive 
ke and fait. the top of the jar. By means of a collar and cement I 
ture ^Iqukkeft fecured this bafoo, fo that it encircled the upper part of the 
at bottom, till jar. 

continued*^ The °bj e & °f the contrivance wasto have the means of ap- 
tionary 5 after plying a cooling medium to the fuperior portion of a cylinder 
fk^fuak to^" water » anc * anfwered the purpofe completely. I intro- 
freezing, and duced the ball of a thermometer through the tabulature, till 
congealed. the ex tremity of it nearly reached the axis at three-fourths of 
an inch above the rifing of the bottom, and having' fixed it in 
this fituation, I rendered the aperture water-tight, by a per* 
forated cork and lute. * 

This 


Exp. 3. A tall 
jar, nearly 18 
inches high, 


which the fur- 
face funk to 
freezing, and 
congealed. 
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This very tall jar was placed on a table, with (he ijUerpofi* 
tk>n of (bine folds of thick paper* in a room without a lire# of 
the temperature 42°. . 

I filled it with water of 50°, and poured into the bafon* 
which embraced the top, a mixture of powdered ice and (alt. 

„ From time to time I explored the temperature near the Guv 
face, by inferting the bulb of a thermometer to the depth of 
half an inch nearly in the axis. 

.Bottom. .Top* Air. 

One -o’clock* 50® 50° 42° The Mpertattfft 

In 11 minutes, 46.+ — WM S o-honrv 

_ 15 45 48 

— 21 — - 44 — 46 — 

— 31 42 44 

— ' 41 41 42 

f At this time a thin dim of 

5 1 40 + 34 < ice bega? to form in con* 

lta& with the glafs. 

— 1 hour 6 min. 40 *34 

20 39.5 


• 44 — — 

39.5 

4| hours. 

39.5 

5f hours. 

39 

11 hours 2 . 4 1 
at midnight, J 

19 hours, i. c. 1 

39 

next morning, j 

26 hours. 

40 

32 

40 

41 

40 

50 — 

41 


f A cruft ofice of fome thick- 
nefs now lined the glals, 
kand air had fallen to 40°. 

Cruft of ice complete. 

Air 40°. 

( Air 40°. So much ice had 
melted that the cake was de- 
tached from the fide of the 
veflel, and floated. 

Air 41 *. Ice not all melted. 
Air 42°. Ice not entirely gone. 


This long protra&ed experiment prefents fome ftriking fadts, Review of the 
and its general import, with regard to the fubjea of inveftiga- **• 

lion, agrees with the preceding. In it we fee, that when the 
frigorific mixture abftradied caloric from the upper extremity of 
a cylinder of water, nearly 18 inches long, and at 50 p , the re- % # . 

dudtion of temperature appeared fooner, and advanced quicker* 
gt its lower extremity than in the axis at the top* not two and a 
5 half 
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cemAOTiow of watii sir feat. 


Ai the fluid be* 
low 40* conti- 
nued et top, it 
was not daiftr 
than that at 40?. 


Yet the experi- 
ment does not 
ihow that it was 


It might be even 
alledged that a 
fcnall excels of 
denfity pre- 
vailed ; 


but this is not 
entitled to re- 
gard* 

That heat which 
pafled by direct 
communication 


hfttf inches dHfart from the cooling power* No dnecan 
tertainadoobt thattbis tsoWmgtoaCttrreDtofedtflediAdcbtt* 1 
denfed fluid de fee riding, and a correfpondihg one of a warmed 
temperature afeendmg. Now* if water obferved the fame 
law that other bodies do, and bad no peculiarity of conftkti^* 
lion, the fame progrefs of cooling (bou)d continue. This, how- 
ever, the experiment teaches us, is not the cafe : as (bon as 
thefluid at the bottom exhibits a temperature of 40*, it 
ceafes. The colder fluid remains at top, and quickly loting 
temperature, ere long begins to freeze. The continuance of 
the colder fluid at the furface furely denotes, that it is not 
more denfe than (he fubjacent warmer water. The legitimate 
inference from this is, that water of temperature 40° is not 
contracted by being cooled to 32*. 

Did water obferve the dual law, andlofe volume along with 
temperature, this experiment, by its long duration, afforded 
ample lime for the manifeflation of iU 

For not lefs than two days did ice-cold water maintain pod 
feflion of the top, and for the fame period the temperature at 
the bottom never fell below 39°v No current, therefore, of 
cold and condenfed fluid moved from the furfece, to aflbd the 
inferior thermometer, or to atteft the contraction of waiter 
by cold. 

This experiment, however, I mud remark, does not warrant 
the conclufion, that the water is adually expanded, though it 
in no degree oppofes it. It proves no more, than that the 
contraction ceafes at 40° ; and that water of 32° is not mora 
denfe than of 39° or 40°. Nay, feme may perchance alledge, 
that it does not prove fo much ; conceiving, that if at 40? the 
contraction. Without ceafing altogether, becomes very incon- 
(iderable, the difference of denlity occa honed by the fubfe- 
quent reduction of temperatare may be fo very trifling, as not 
to enable the cold particles to take (hat (itoation which therf 
gravity afiigns to them, in oppofition to the inertia and tena- 
city of the fubjacent mafs; and therefore that the Colder, 
though heavier fluid, may be conftrained to remain above. 
That this allegation (hould have no weight attached to it, the 
cifcutnflances of the fucoeeding experiment wiH clearly (how, 
a i I'flM foon notice. 

Before quitting the confiderafion of the prefent experiment* * 
it may be worth while to remark, that it may feem rather fur- 

prifcng* 
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priC^lhat the jbottooa of the fluid was notappacently afieQfl&muft hive bees 

in, it^fompecature by the ice which fo long occupied iU fucr ^nfm? rh!L 

face. It might be expelled, though no cold currents de* 

fccoded from above, that the caloric (hould be condu&ed from, 

below, and that the temperature fliould by that have been i#* 

duced *. I fuppofe that ibe caloric did pafs from the lower 

firata upwards, but extremely flow, by reafon that fluids, as 

Count Rum ford taught us, are exceflively bad conductors of 

heat, and fo very flowlyi that the caloric entered from the 

atmofphere with fufficient quicknefs to prevent any deprefltan 

of temperature below the S9tb degree. 

This experiment, 1 may conclude with remarking, is very 
well calculated to exhibit the error of the popular opinion, that 
** heat has a tendency to afeend." 

» 

* ANNOTATION, by the Author, f 

This experiment may perhaps be thought to give counte- The opinion ef 
nance to the opinion of the very ingenious Count Rumford, 
that fluids cannot condo# heat, and that no interchange of notcon ^ uA 
heat can take place between the particles of bodies in a fluid hear from par- 
iUte, feping that for two days the fluid at the bottom of tbe tIcIc 10 partic ^' 
veffel never fell below 39°, though the furface was at 32°. 

From the circumflances detailed in his feventh eflhy, the 
Count concluded, that heat cannot defeend in a fluid. From 
the prefent, it might with equal juflice be inferred, that heat 
cannot afeend. 

Had I not the foiled conviction that this celebrated phi lofo- appear* to be *m~ 
pber hai pufoed his ideas too far, I might be difpofed to coo* accotafe * 
fider this experiment as according well with the hypothefis. 

Sopn after the interefting {peculations of the Count ap- 
peared, I began to jnvefljgate the fubje# ; and, by a pretty 
long train of experiments, which I have annually taken an 
opportunity of detailing jn my leClures, fatisfied myfelf that he. 
aifigoed to fluidity a character that does not belong to it. 

, Though flnee the date of thefe experiments, the public has 

. +.As this note fotyomed at the foot of foe page after the words 
temperature Jhould by that have been reduced, in the original, it of 
fuch conflderaUe length, I have taken the liberty of putting it in , 

Che flux* type as the text,— N, , , 

become 
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Experiments to 
ihew that heat 
can defeead in 
fluids s 


r9f J i 

W- ♦RW’R. ; ,cwfih , §yf^n^l n WbKt)‘ll? iwtfb 

rc^U^ihcnft, bK^b.^ya^ 

of their teftiraony in favour of the conducing powK4f4M)Mdb 

may be eftimated. 1 + *| iUisoKi oriT 

The experiments w.ere of two defcni p^ipns, ..... . %( i, br>ftaJ)« 
1 he one fet, of the fame nature nearly with thpfe of Count 
Rumford,. was deligncd to examine. Whether heat, when 
applied to the furlace, can delcend in a fluid ; and the other 
todifeover, Whether, on the mixture of different portions of 
fluid at different temperatures, an interchange of caloric take# 
place between the particles; — Water, oil.and m^rcu^y, having 
been the fubjecls of the Count's experiments, were employed 
for the fir ft fet. 


To water (and to To explore the conducing power ; of .water and oil, the 
comm u ni catcd a PP aratus which I ufed conlifted qf (wo veflels, of tinned 
from the bottom iron, both cylindrical, and the one fomewhat Jarger th^nitbe 
fel^^contaft r \°^ ier * ^ ar 8 er * ia d a diameter of eleven inches, and int^ 
with the fur face ^ were poured the fiibje6ls of the trial, tp different depths on 
and) 1 heated *by different occ afions. The fmallcr was ten and a jhgjf^ches 
Woilmg water ^ diameter. By three hooks it was fufpen^d^w^thh^ -^hc, 

Within. larger pan, in fuch a manner, that the bcjUom.of ft exa#]y 

reached and came in contact with the fyrfycq, of Jfye fluid* 
This fmaller vellel became the fource of the heat, by beuijg 
filled with boiling hot water. The water changed 
quenily, care being taken to avoid, by th?. qfe^f ^ fyphon, 
all agitation and difturbance. 

This hot veffel In experiments of this nature, th6 difficulty is Vo prevent 
that which con - 1 hc conveyance of caloric by the Tides fjf 
tainnd the .fluid tempted, and, I think, I fucceeded, in ovefromin j rUffa 

mfnT^anYthe b y encircling the larger veffel, as a heigjit e^aftfy v^or-. 

containing vcflel refpondirtg. with that of the furface of the fluid within, with 

wund C thVf u l l a gulter or c ^ annel about haIf an inch in depth ; and by casing 
faw.of the fluid^ a ftream of cold water to flow con flap tly through a fy p.hon into 
gutter, while from the oppofite fide it ran off byn^ftnal] 

heat downwards. 

The water was feveral degrees colder than thj^fubjeftViie 
experiment ; anti keeping cool tfie portion of (he ve&l^vvffi 
width it was in qontacl, it intercepted ^he mjT tha^ would 
other wife have travelled by this route to ,t Ip* bottom* 

Mercury was For mercury 1 had recourfe to veflTeTs ofglafs.* 

tried in g afs • * * - - 

T,ffcls * jvV In 
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• * K«Hth6^p a r i B wtf EEihcfmo<Re4erbore<<{fifmony that |!>c tod theew* 

, edfocic defre&ded from the furface to the Mtocn of the fluid, JSfcSSrt "*"* 
•ed* demonfttated, at kail to my convifikn, tipi fluid* .cap 

c eude ft hoot. 

The progrefs of tbe beet, however, wot very flow, end 
atteflod Ibe important fit6, for which we ought to be thank- 
ful to tbe Count — That fluids ere very bed conductors. 

The focond fet of experiments was calculated to examine, 
ta a very dHTemt manner, the pofition, That all interchange 
end commankation of beat between the particles of flaids is 
tepoffible- 

When a hot and a cold fluid are mixed together and well Other expsri- 
dgitaterf, very foon an uniform is produced. This equality ®“ ,n * 

taift proceed either from a communication of heat from the 
warmer to the colder fluid, agreeably to the common opinion, 

•r from a perfect intermixture of hot and cold particles, ac- 
centin g to tbe notion of Count Romford. To which caufe it 
Ottgbt to be attributed, I conceived I might difeover, by afeer- 
lainvng whether, after foch an intermixture, any reparation ff 
the hot and cold portions toak place. If the equilibrium of 
temperature 1 be owing to intermixture without interchange af 
Caloric, the hotter particles, as foon as the agitation ceafes, 
ought, by reafon of their greater rarity, to accumulate, to ja 
cer ta in degree, at the furface, and there exhibit a temperature 
above the edmmon one. 

I firft tried water, and mixing this fluid boiling-hot, with Whtn hot and 
an equal quantity nearly ice-cold, in a ftoppered ulafs jar, I ** 

ibook them wall for a fhort time. r * - 

I then noticed tbe refulting temperature, and railing tbe 
- but of tbe thermometer towards tbe furface, I had an oppof- 
•faulty o £ obfe nring , that it never rofe the fmalleft portion of 
, a degree above tbe common temperature which bad been efta- 
Miflmd. 

* ' I next made a fimilar experiment with alcohol, feleflmg it Tfo Um dWt 

en account of h& remarkable dilatability. I Ihook well, for 

half a tamale, a mixture of equal parts of alcohol at temper 

4KP and at temperature 170®. The refaking temperate re of 

the mafs was 140*. 

Now, If this was a mixture o t particles at 40® and at 170*, , 

e» the dMhaars of fpeciflc gravity between the fluid at tbefe 
tempe ratur es is v tr y censura b le , feme reparation of the warmer 
Ysi,ZIUSvrfitem. As ad 
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remarked chat 


might be too 
complete to al- 
low of fcpara- 
tiom 


And lighter particle? from tbfe dtbers, ought, I conceive; to 
have taken place* The temperature «iaff*he top, however, 
never indicated the arrival of warmer particles. It never af» 

cended above the point of equilibrium. h ~ 

From thefe experiments I^cohcladed; that'Ae uniformity 
of temperature was ^eflablifhed by an a&oat cotomunicalion 
and interchange of heat between the part icier. < ' 

Count Romford It may not, however, be improper nr flute, that Count 
Rumford, with whom feverat years ago 1 1 hOcE the pleafu/e 
*sf converting upon this fubjefi, aUqdged, . that the iWsr- 
mixture might be fo complete as to prevent, any fepaafoi 
'whatever. ■ v - 

If it be a property eflential to fluidity, that heatcnntotiprfi 
•from one particle to another, the particles of difitmnt Raids 
^Hight lo be equally incapable of imparting caloric mubmUyAo 
cech other; U n fortunately, , however, -for the fpnruie toca^tbe 
-the caloric is fo communicated Though* a priori* I, enter- 
tained no doubts refpeding the rcfokoftheexpevimcMU^J 

. poured a quantity of olive oil which had been heated iy\ hb- 

mer ^° n i n oveflei of boiling water for ihalf an hoar» lupm^an 
temptrstum by equal Volume of water of 38% and agitated 4hejraiMtwte^hy 
taking for a quarter of a minute. The oocnmdn tempettatoee 
when foparate. -produced was 78®, and the heat had gone firoto tlseoil infO the 
<the water; for when the fluids foparated, aqd badcsrpiignd 
themfelves according to their fpecific gravity, both of them had 
the fame temperature of 78° % < * ^ f 

The experiments of the two deferiptions mWvnccordod, left 
on my mind little doubt that the Count had ;oveaftxdined Ms 
concluflons. . % f-*u h > ; 

• f £aj>. IV. I took the fame tall jar, and flopping ihetubu- 
lature with a cosk, I Ailed it with water of temperititm 40% 
and placed it in a pan After fufpendihgXwo thermometers, 
as in experiment firft and fecond, I poured a mixture jef iae 
*tan by'iceand *hd-falt into the pan, to the depth of%.2 inches, tbeainofsbe 
bit. - --- - 


hntaUaad 


Exp. 4* The 
tali jar of Exp. 
3, containing 
water at 40°, 
was cooled 
round its Irwer 


The tempera- 
ture foil aa 
quickly at top 
at at bottom ; 


room being 40% as in thelaft experiment. 

1 r r » ; Bottohi. * Top. 1 ‘ AV. ’ 1 

^ 0 Eleven o'clock, 40° 40^ ^ i 

In 10 minutes, 38-}- 38 + 

** ■ ' ; '.*,•/ f ’ * • *. * '"r.q v.i’ f it y.b 

This, is alfo ▼ery flrikingly the cafo ; with mercury Hi 

,w«cr.— N. ; , t The^ti^ijw^OJDod. , ,, 4 

- , . .. . In 
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. <:Ho mm. : 


V In.jjO ro»imt«. 

: 

38°-r^ 

!„ 30 -- . 

37— . 

37 — r • 

— 40 

AS 

. » , ; 

■iLr — $0 — , 

34.5 

354 

-• v . -r 80 — r— 

$5 

*35 \ 

- J00 — 

34.5 

35 

- 120—— 

34— 

34 

> , § hours. 

34 — , 

34 


rr 

A croft of ice began to form on .the in fide of the glaft 
*vheo the water in the axia.of the bottom and of the top was ' -'V^ 
at 36°. In the courfe of the experiment, it became at leaft . 

an inch thick. 

v Wc learn from this experiment, that cold applied tojjic lower 
f>apt of a cylinder of water, nearly >8 inches long, and having 
the temperature of 40*, is a&ually as fpeedily perceived at the 
fatflmit as in the axis of that part, on the external furface of whence It is 
which it iqimediaiely ads. As flpids conduct heat fo very tar- Scooted wlLr 
dilyv this can only artfe from currents of coQlcd water afceod- afceaMf Ma* 
tog from the bottom, and tbefe cold currents cannot move up- b ° e ^ r ^2J 
yfards, were not the water of them fpecihcally lighter than that beloir^o*; 
o£ the incumbent warmer Quid. , 

* . ’ p 

- The watery therefore, which at the bottom is cooled by the . ... 

contiguous frvgorific mixture, muft be expanded by the lots of 

palette* 

This experiment fecures full force to theiaft, as it obviates and the ofyc* 
the o^e&iom already noticed, and alfo precludes another. 1 3 * 

have already dieted, that it may perhaps be aHedged, that 
the fluid at the top, in experiment third, though cooled 
to 32 Q did not defeend, becaufe below 40°, the ceatra&ion v 
h fo trifling, that it does not occafien a difference of fpe- 
a he gravity fufliciently great to caufe the particles to defeend, , 
when oppofed by the inertia and tenacity of 4b* fluid through 
tohieh they hare tor ftfx or it may he conceived,. that the ' , 
defcent is <b tardy, that time is given to the ambient air or 
fnbjacent fluid to futnifli heat enough to raife-ihe temperature 
of the defeeadiog ftream, and by that arifift it in*itx downward 
courfe. 

But from the particulars above recorded, itis ouuuieA, that 
tfao change of denfity between the temperature of 32° and 
40° is quite fufficient to pat into motion the particles, and to 
* Aa2 enable 
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Though thefe experiments, and forac others of a firoy^pV, 

tvtft, , carried, cpnyi&iop to my ; mipd, C^lf f p»c 

refpe&ing the reality of the^noraaly of V^tgfTqe^min^ 
▼ayf fomewbat the mode of making the ^eiTraenl, f<* *s io 
<^^hiU in^p,ftrikipg remits. , . .. .* ^ . , w ^\\k 

For the fifth experiment, I ufed an apparatus which coo|^i 
^ris»ent^wi A a 6f a jflffl taller jar, It was 2J( inches hfgh^ and * In diameter, 
aaiachesk^u I adj lifted at (lie middle of its height afperforated ib&ifon of 

♦ nfcd irdn, 2 inches. in depth, arid TO in djamcter. A^thisbofon 
embraced the middle of the jar, I could, by fifting \t wi$l 
hot water, or a fngonfic mixture, apply heat or cold to the 
middle, port ion Of the fluid in the jar, and thence, by Aether- 
mometer, learn what courfe the heated or cooled Rptd Ibbdfd 
take.. * ^ ; yiij T . 

£jp.'V. I filled the jV wi^h water at 32 q ? 4 

A upon fevefal folds of thi& carpet, pf evioufly COoVjdio the 
;Gmie degree. The air of the room going firpm 3$*' to* $5% 
I introduced two thermometers, as in experiments and 
w ^ _ fecond. I then poured water of tern perature 6S* inter |hfc 
fecheiaear the bafon, and by means of a iTpout arifing from the iide of it. 
ofwan^ T %M^* an ^ a fypkon connected with a refervoir of water at the 
imam- temperature now mentioned, I renewed the cmrtentroE IKt 
bafOn frequently, but without caufibg any agitation. 
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applied to the middle of a column of ice-cold water. The 
heated portion has an equal fhare of the column of cold fluid" 
above it and beneath it. There is nothing to determine its 
courfe in one direction or another, excepting its actual change 
of denfity. 

The thermometer evinces that the warm current fets down- Whence It Is 
wards, and carries the increafed temperature to the bdtfciorn. of 

There, this inftrument indicates the fucceflive r?fe of feveral water between 
degrees, before the furfacc indicates the fmalleft accjuifition defended 3 
of heat. caufc dtnfer and 

The inference is plain, that the cold water is contracted by that when the 

,, . * J temperature wat 

lhc hcat * more than 39 + 

The change of the effeCt of heat is equally well illuftrated the ™ arm cur * 

by experiment. £"«ufe rUrtl 

No fooner did the inferior portion attain the temperature' of 

39 ®, than the heated fluid ahered its courfe, and, by afeend- 

rng, carried the increafe of temperature very rapidly to the 

furface, fo that it foon farpafled the bottom, and continued to 

rife, while the other remained flationary. 

Exp . VI. I filled the jar ufed in the lafl experiment with E*p. 6. The 

water of temperature 39f®, the air and the fupport being at ttbTwater 

39®, Difpoting the thermometers in the ufual manner, I in- at 391° and a 

troduced a mixture of fnow and fait into the bafon. ft-ccrmg: 

, ture applied ra 

th; middle zone* 
TTie'fl&Jd'i*' * 

bntfcbrf)+a*“ 
faarcely changed, 
but that 11 VSf* 
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**’&**• ‘"fu .‘^ ,, MtW'^r ’*Bf^!r&-^ifc WWf&t &grt* 
™ttl‘to“o^a l fo*rV^\*kA‘ ttStfeB * ’B«a»Ms >f^iflftiliy f 
*»4o B ,md fjiWjftAKy HghlCT,^- 

tifHuS l ** Wiifef srt»6\r6 40®, by thfc lofs of beatj ^jr byitfeftl,' 4s 

rendered fpecifically heavier ; and that water below 46®’!** 
i^^STanie^ufe, Wnaerfed rigW^/ 'o>^xA 

; 1 Siidh BcWg thC general import, * the coDcIttfibft ii ifrCfHIftfte, 
Hhaf'Kdif, 'iri tow tempfcrathte*, Carifeswafet 1 t6 Cdritrua; 1 
[ at * (hperior temperatares to expand. The opinion, tberdfttat, 
is founded ft) truth, that Water poflfetfes a pfecutiarit/cf “COtt* 
’-°‘ Y : * flitfHibn iii relation to the effects of calorie, and that*!* is, 

, y * s . wilhln a (hort range of temperature, hn exception Co the 
M • - general law of ** expanflon by heat/* 

The greatcft. So far as I can judge from thefe experiments, I am Sfc 
tween^ ^^uid to "believe that the point at which the change in the 
4 o # . * confutation dF this fluid ‘ in relation to heat takes ptao^ 1 ires 

between 3§fV arid the 40th degree. * 

f K l am not at prefent aware of any objection to tbC method I 

have followed in eifabffihtng this lingular anomaly;' ai&’fo re- 
moving any doubts which may have arifen frortMbe irtariVOkl- 
^ 3 ‘ abfe affluence which the inftruraent maftheve in Ihtf tfa&le of 

conducing the inveftigation that hat! pFevkmfly bee* adopted. 
Thefe expeii- The plan of operation above defer ibrid,v however, dnlyaf. 
Sure^f die 16 certa ‘ ns ^ gives no data for afeertaining tbeetriotmt 

change, b«c not ^ lhe anomalous effed of heat. 

its amount, v j have already flated, that M. de Luc aifedgedj tbatdrom 
opamfioos^a *he temperature of 4-1°, the expanfion ocC&fionCd by chid 
cootnaions be was very nearly equal to that produced by the (kme number 
^id^otcrtaU degrees of heat j and consequently that Water poffeflfes the 
Wec*g|oft^ fame denfity at any given number of degree* oT temp&tetare 
’ above and below 41°. The firft experiments of Mr. Ihriton 
appeared Co confirm this opinion, and to enlarge rhOfUriga 1 to 
which it applied, by extending iTto temfpOrStttrCs £s>tfmr 
^ \ / betoWSS* as Water allows itfeffto be tooted betofle ^begins 
IZ VjV.'- V to freeze. Pmn orie circtfmfiance Ihhtcortf 
T V , 1 I am toclined to Ifciflfc, that the amotml Of' the dBlflaltOflby 
** \il. ZZ ^ l^dl* : tWiWim' f6lKht’i6imfediby'h^;'' , '- ,fj *nu/:U 

^ Durit^ ! the beat (n^^ of Water bek>W 40 p ,' i th£ / dif- 

— ference of temperature betWtbritfte ^tdpbifd/bcftteO'taf-the 

was left than what occurred during the cooling or bear* 

H 
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fcguMfP !#«<}., 4bepfjh tbK,fi^»ui!^^£j4fl»?«MfeRfftAli»n3 S! .rfT 
ill, fad t^nigeiffp tjj&t. V'teR ot}j*fP b u lt*W F r ud: <** 

)lMikrl> ^-raVS'^oft Uwtcbw^, *re jaliM, 

- toipperatuta between line uppprand lower partajpf%the.(lui4» C lt uJ 
Us i hudepfMidft upon, n>oy prove a mcafuie of tiff 4Hfcron^e^pf " tJI £££^ 
desfijy, h iv,-v . j ■ , {•’»■; 

Alcohol when heated or cooled, .furefents, by reiifooof 4* 
greater, expaofihility, a, greater difference of temperature in 
tbefa Situations than water; and upon the fame principle I 
iaf*k that water from 40° is more expanded by an equal 
number of degrees of elevation than of depredion. 

A* the concurrence of the tefiimony of the experiments it ; s a difficult 
above related with the general opinion, will probably remove p ^ lc, JJ^2ef c 
every doubt refpefiing the matter of fa&, it remains a, very contrary changes 
/ difficult; problem for ihofe wlio are fond of philofophipal in- bj^h*** 
,Oefi^gaJUon t to, explain how heat (hall occafion in the fame ^ * h 

4kiid*> without producing any alteration of mechanical fond ‘ J'* 

of chemical condition, atone time contra&ion and at another 
i expanhon, and to reconcile the contra&ive effect to theoon- 
oe*vqd notipps of the meebantfm of the operations of fijis 
tfw^ticuguat. • - — - 

^Whan heat oaufes expansion, it is imagined to a&hy iodyc- Theywflfca 
j+ng a repuUjon among the particles of bodies, which, oppo£ng 
,#u4ov^rpowermg the cobelive aaraQion, caofes the particles , . t , ,* j{lT 
4o,#*edeu . . * 

In what manner, then, the addition of beat can occafion, of 3 11 

allow, the particles of water to approach each other, and how 
( , the fabtra&ion of it can make them retire to a greater di fiance, 

ScpafpM can in no meafure comprehend, , a n ^ 1 r ^ 

, An explanation, abundantly plaofible at firft view fJ J?* kT 

&ggett* ilfelf to every one who is imreof the gS«*t 
cioiHldl WciNe f*p anfiqn which happens to this fluid, at the 
; ; moment of ks congelation,. It it fluted by ^ <^a<Wh^- 
mdeu, initha7paper*alceadyjquoted. , .« 

The remarkable dilatation which , water experiences a!4he As water ex- 
i ioteM of baiflfr converted into ice, is very generally afcrifepd, a 

> fAndl pmfrmft wy grcparlyv to anew arrangement which the new arranfe- 
particles afliime, determined probably by thgir jmbrjty ; j)y 
i [which, one Wo-of 4b<* pai^iclo A^atuefthr^pf P«m B, 

'If M ).* ^vkw;> \ • : 'h L**.*»’ :?.v U . i £U": ih- *uW 
h ar 
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it is probable ’Now, if this polarity opeihtes with To much energy » to 
that the arrange- Unpart alrooft imififtible expand ve force at temperature 32*£ 

n»ent and the ft ; s re afonable to fuppofe that it may begin to exert it* iiM 

ex pan lion may 1 . V . « y 

begin before (Jpence, though in a far interior degree, at temperatures lome- 

fotidity enfues, ^hat more elevated. The expanfion, therefore, that takes 
place, during the fall of temperature from 40°» may be im- 
puted to the particles beginning or affe&mg to aftiime that 
new arrangement which their polarity afligns them, m which 
* arrangement thefe particles occupy more fpace than before, 

and the con- Again, when heat caufes water of 32° to contract, upon 
Mb the fame principle, it may be conceived to operate, by coon* 

terading the finall portion of the difpofition to polarity that 
furvives the liquefadion. i ; 

1 am afraid that we cannot red fatisfled with this explana- 
tion. We mud not be deceived by the plaufibility of it. 

The date of perfed fluidity depends upon the circuit) dance, 
that the particles of any body adroit of ready motion upon 
each other, and that the change of relative ti tuition meets 
with little or no fenfible refinance. 

Objection. This Water certainly poflefles fluidity in a great degree, and its 
cnngclatimr 31 ^^ P ar ^ c ^ es mu .fl courfe encounter but little red dance, as they 
ought to irn pair glide the one upon the other. But if thefe particles dial! 
the fluidity : begin to exert any degree of polarity, by which certain faces 

become more difpofed to attach to each other than certain 
ethers, this tendency vmjuM neceflarily oppofe that indifference 
with regard to poiition, which is elfential to fluidity, and of 
courfe mud impair the fluidity, and induce fome degree of 
tenacity or vilcidity. I noflsooo 

which docs not To appearance, however, water at has its fluidity as per- 
*pp ur to be the as at temperatures condderably elevated. Unwilling to 
trud to appearance, where experiment might decide* I have 
attempted in various ways to afeertain whether the water 
fuffers any fenfible diminution in this refped while it is 
’g*p»mied bycofcL The following mb tfcod i 'lh% ftioft 
>carre£L • A » * “ 70 

Experiments 'for the fmrp<$dff l eroptoyfcfl gravimeter, thebttf 

With Nicholfon’s^j' ^y Mr* NiehoHtmTor difcove’ffng the weighf ini 
gravimeter* bMs. \ ;, v 4 . 

** Thiils a cdtivenient inrtfument, buf, unforf up^ely^ % i$ : fiy 
’ po means fq ticXlifli asabahmee. tXaly loaded f® 
with ijif fatter, 

- j.v rtSdkoUma 
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atmtiMiirtr MTtt-kytliK 
Nkziiofc^foy*, it *B» part df 'a gttin*. .y^, ,? .. 

T&* am thaw, tbftighlte Cow ■«*' 

lodofe foaaiwo oplhr*eK?«i*idb$ofagrafh. !r : 11 v,^ v,>n M x> 
*fra*waiU fcnfibi&ity in ibo gmviOiOter Awfe*i to * fcrtai 
»*^revlhougfr M 3 X3lbllwi 

foW fling* among the partideoof tbeflaki; and axy llitogfhafl 
iends’to fecreafe this tenacity, mu#, in the feme proportion 
•ogmeiit tbirwantof feflObility. 

Toa&ertoin whether any fenftble change in the tenacity orit rofcwuUefl 
fluidity accompanies the expanfion of water by cold', wbteh the m ***** * 5 

theory requires* 1 examined the, mobility of the inftrum&if v . 

wheafcmaerfed in water at different temperatures. I firft 
plunged it into this fluid, heated to between 60* and 70*« 
iluder due loading, wbich fank it to the mark eh thett&n, 
it was not fenfibte id a weight lets than two or three twen* 
tieth* of ar grain. 

: • J then tried itm ice-cold water, and found that its fehflbifity in ice-csliwmw 

ttasinao perceptible degree impaired. The coldneft'of ' fhd 

water, it mad be remembered, caufes fotne degree of- contfac- 

don of the iftr a vrffieien. This contra^ion cannot fail to tcnder ‘ r ' a 

** » . , rwft* r on i.vdC 

tbe^nflrametit in foir*6 fmall me&furemore femible, and. To for < <vii , r^r!vi 
kU<ft goes, to; coon ter ad the fltjggiQmefs produced by hnjr i*. 1 41 v * 1 

craifed tenacity in thi ffoid* 1 \ ^ ,s ? 

i. i But aa the body of the inflrument is made of glaft, thfe Whence if* 
4 uaosnt of tbecoatradton rouft be very fraall, and the change thmtthcfluidi^ 
ioftfmfibitity drifibg from it fo very trifling, as certainly by no is not CrnjfibJy * 
znmngte obfoure fucb an effect as an increafe of tenacity would * han S* d « 
occaflon. I therefore with fome confidence conclude, that the 
-fliljdityt of the water is not fenfibly dhninifhed, and con- ' 
vjfequentiy that the polarity has not begun to exert any fonflbte 
.influeDoet tt caiv fcarcely, therefore, be accounted the caufe 
imi tho dilatation. 

• Perhaps the diference of fen Ability ia my inftruroertt, and that 
of the learned Profoftor, may have arifen from a difference of 
the diameters of the Items. Mine Was of one-fortieth of an inch. . , ^ 

it was well rubbed with a clean linen doth, which rendered foe T 
Surface equally difpcrfed either to defcehd or afcendj and foe in- — 
flruftxent was net judged to be hi equihbrio with the fluid* except 
' Whtrt foe Jftf&te about the Item fcas neither prominent nor <\t- 
^ Tlift tfas eafdy Known by the refleded image of the 

sirkidbwdtmme, ot- ofotr 6bjedi being £en d«fe io the fled with- 
noua diftortion.— N. 

4 ANNOTATION, 
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owwfc #«»*>•* mu** w* wxn 

do sdi O) 5W/. 1 m JwfaifdWnil. 1 1 1 iW-l frfc'J om.'l'iut ^ no.ai 

ttfm* 

, JH’dbfe^fcCTnstrfijni^iy tfiitHie'flawity feHte'teJs' *&** 
rr, I'll wH’ofe/flibuld be fiS^y WWSi'Wfcfl by°IWr*pi 

?of e ^llcifttoii Wfc mbcKanfci! ftTK r ’If Ai?gW ht the 

Wi'flLid! 0 ^ U TMfe feann^’y iBe wi(M’ij a<ft^ by finAH fftetttg 

fragments of a Mofld along wltfv It. ^ Whfed d dftiM f b bftSfr d 
which would become foRd by cold, frfchfW etampfe tor ’tbi 
fulphateof foda, is cooted below its pbinfof d6tigeIai ion, the 
cfyftals will be differently formed acco rd fag to cfrc thri ft an cte sl 
(nftanctof cry- If the fluid be gently fhaken or made to o ft i Hate, a ft e W dr xsf 
ftrr^aaM^ig tn * mute cty®*^ will gradually faR'throogh theflfalcf; andtbe 
wcAMuataara* whole mafs wifl J be a confideraMe time before the eryfWRx*- 
tlon isfinifhed; but if, inflead of thr.t method (of agifltftm, 
the glafs be fcralched by a quil! underheath the flcidr^fh Sk 
Charles Blagden’s way, or if a fraall inftrument, havirigd 
cry Hal of the fait adhering to it, be dipped into the (blotted, 
the cryHafs will radiate with great' rapidity from that tNsfrtfe'Olf 
; , ,n ; • perturbation, and in a few feconds the whole of tbe' fcrfcffieii 

WbMjeltit will become rigid. This common and vety fttflitrig CkpetfL 

^ ent ^ c hemicdl fe&orers, fee ms t6 me to rndiftfefe^&afl 1 * 
wttcr Sy'cdW 'poflibility that fmall cryftals of ice may be formed' %bd’ float 
may arife from diftinlUy from each other in water, at 40 degree*' antTfowfe? 1 : 
j £ l and ^ think the metals afford us a number of mflartce* ttt 
fluid. a conflderable interval of temperature is fbund te be &ftWfeeh 

the commencement of cryHallheation and the foltdificatibndf 
the whole iriafs. In pewferers folder the interval 3s 'ndrlKs 
than 40 degrees. This hypothefis of fuch diflfemtaatod "parti- 
cles of Ice, which feems lobe nothing morethfcftan bzpretton 
of Sir Charles Blagden’s theory in different Wettty Will ekplaio 
Why. the colder water ftiould be lighter $-^n*mefly /betook it 
1 liiuft contain more ice, and alfd why the eftpanlkmooght hat 

to begin but at (brae definite temperature. ] 

Though it does not appear to me that the theory of Sir 
Charles mud neceflarily imply a change in the mechanical re- 
finance of water from what may be called rigidity ; yet there 
are many other reafons why philofopbers fhould be defirous of 
meafuring the variations of fluidity in bodies : that is to (ay, 
the greater or lefs facility with which their parts are moved 
Dr. Hope’s trial amongfl each other* The ingenious attempt of Dr. Hope to 
wLw T 616 * 4 afeertaifl this from the refinance made by a fluid to the perfo* 

pwrwbyoya 
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ration of its furface by a cylindrical: folid, is liable to the ob- 
jcclion that 4 fuppoles die attra&ion or repulfion betvyeen ihe p U |fio^ 

Mid and the fluid to remain unchanged by variations of tem- the micr^aod^ 
perature ; whereas the contrary feeras moft probable, gravimeter, 

doctor’s experiment mud be grounded upon a pofition that the 
greater the deprefiion or the greater the elevation of a 
round a fmall cylinder partly immer fed in it, the greater muft 
be the reiiflance ffom imperfefl fluidity* But thefe effeds are 
evidently as much governed by the attradion or repulfion of 
the folid with regard to the fluid as by the reiiflance which the 
experiments are intended to meafurc. I have fomewhere read 
that water clocks and other inftruments for meafuring time, fl owcr m cold 
by the paflage of water through fmall holes, go flower in cold 
weather# This may arife trom contraction of the hole, though j s i c f s 
my author alcribes it toiraperfed fluidity. After fome medi- 
tation on this problem it flill appears to me to be furrounded 
with difficulties. Perhaps it may be one of the beft methods 
to futfer the fluid to drop trom a capillary fyphon in different 
temperatures. I am difpofed to think that the drops would be 
fmalleft and the whole quantity in a given time greatefl when {^Zcb* 
the fluidity was the mod perfed, or at lead when the adbetion pUUry tu^e wbca 
of the particles of the fluid to each other was the leafl# (1 But 
even here the attraction of the fmall capillary extremity of the 
tube from which the drop would fall would require to be con- 
fidered; and on this account the method would be preferable 
(if fo) to Dr. Hope’s only becaufe the repetition of a great 
number of drops or quantity of effluent water would give a 
greater degree of precifion to the refult. 

Is it likely that the rope pump turned regularly a certain Will the rope 
number of turns in a given time would ratfe more water when J“^ en€ ' in a the 
coldeft and lead fluid? If it did not might we not infer that tenacity or flu- 
the fluidity of water is not fenftbly afledled by change of tem- collj , 
peratme ? . 
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Olyfciyations pn Turf> from the Gpmm ' "%^ds!ik0f lift aMi 
■ . Stxnd. £vDoctq& Cqllkk^usc^ 

*■’* ° ■ ” ' • * ’ **' • " : .-*5 ri ./ 

is i^ot very probable that a man placet bdfcil i 
of pure water fhould fufFer himfelf to die of Cfitffl thfeu^h neg- 
left of afing it, or pafleffing food in abundance, (hould noi( 
^ appeafehis hunger with it; nevertheless inllances of this kind 

, - are not wanting. 

Wood fto very Every one complains in Germany of the fcarcity of wood 
fc*r*e in Get. for fuel/ It is known that fub fiances have been found in other 
Otto matter pUces which can fupply its place, and that they' have been 
nuy be fubftS* formerly ufed here ; but all this cannot induce any one to fearch 

ttttcdforiu forT^ ^ 

Vafwm adcd , It is eafiiy conceived that proprietors of woods , through the 
prejudices pre- fear of having their profits diminished, (houfd endeavour to 
ipf in fV f perpetuate ancient prejudices, and to extend the opinion* that 
the plague only ceafed its ravages lince the tffe of forfuej 
*'* has been qifconlinued; but it is difficult to imagine that 

t rales inficad of encouraging the preparation of this fuel, {hould 
endeavour to prevent thofe from doing fo, who wifhed to enV 
_g4ge iii it. * ^ 

ufsd bs Ger* A > v I s very Jikely that the difeovery of the pie of turf* as i 
mmy sfiom i te comthillKble was firft due to chance; and befides the dfe of 
iDG^rrmaMr f i a ihis fyelin Germany has been continued fro^ poi^bds foore re- 
molelfmn any written documents extend'to. v 
Tl i n tvWyfj , Ppocipal caufes which have prevented (the fearcb ajler 
•twflnpwfiij* are the erroneous opinions which have been formed ! of 

pro2SSwo^^ Ihe i^u^ner in which it has peen produced, its preparation* 
uk, ’ and its^ufe; fome of Which are as jfyllow* 
ik TJut turf is 1 Some think, , for ..example/ has beta ’formed al dfe 

fniuix) in vans moment bf tbe efeation, filch' af Sis now found' ki the e&rttft 


t.TC q;nb gn Opinion, ' for' there is fotfncTm aTmoitaiT parts of Germany turf 

rh V. v ebveJeiHWth more* rffl&lr 'earth/ (ifontya ^rbpef feafchbe 


u-ii b:;s f: 
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OlhersbeKove that at the Jimp of the dehge vaft forefts were 
Overthrown, and afterward* covered with herb*, reeds, and deluge. 

gfees, became at laft this black comturfijMe mats retemoHng 
earth. Which mu ft have required an enormous quantity of ve* 
getaWes, as plains of .many league* fquare are found coyerrf 
with bed* of it to the depth of more Chan 25 feet, beneath 
which treos are djfcoverud of great hardnefs, and alraoft £e- f 
trifled. ' 

Others imagine that it is more probable that the fea tranfport- 3 d Thit it wm 
ed the materials of the turf from the weftern countries to 
caftern, and covered with them the trees which are found weft. - 
buried beneath the torf. It is very true, that 'thefe trees have 
their root* turned towards the weft, and their heads to the ealh ^ 

•But then it is difficult to. explain how this fub fiance could be 
Carried to countries diftant from the fea, and even to Jhe tups 
of the higheft mountains iu upper Saxony, on the Brocket and 
tl^e slips. . 

, Many per Tons are of opinion that torrents and rivers have 4 th That it wa 
^fawn together and depofited leaves and branches of tree! on ^ 

-the , low grounds, and that they have thus accumulated the 
eonllitu^nt elements of ihe turf; but this cannot take place in 
Countries in which no large riven are found, nor on high 
-moutttains. The microfcope clearly (hews that turf, efped*MyThe mlcrofcope 
•that kind which is from the furface of the earth, is compofed ^ 2 * Jam*! 
of raoflfes, herbs, rufkes, and other vegetables, and their n 

ftrongly interlaced, of which the grealeft part it chang^ iqto f [ l 

*e*rib. \ . , v *‘ ' 

: Paper ha? axially beeri compofed from turf, and the water 
which has fettled in turbaries is ufed to fan leather, which 
proves that St is principally compofed of vegetables. Chemi-lwto.* : * 
' cajL/pfegrcheyhave alfo di fe pyef ed in it a mineral refin which 


hut 

.1 3 '/ r.i * 
liJS.T* 05 . 


^jrmtipaHy .pwp$*tes its rmoboftibillty. It appertains the 
partly to t)ie vegetable, and partly to die mineral kingdom,. 

artificially,; by digging trenefce ^ 
feet 4e?p# ffP^l 15 to 20 fbet fquare the trenches becom^^J^jJJ^ 
-£lle<}iwit>y vfafer, and jtrodpee Ihefirfyywr a green flinty mo^ 
t*ie fecond year dii j ttjofly 'eegptatm, covers the water to die "M* 

height of twp feet, «rd * great quantity of filaments ^ ^if- 
covefedin \t -mixed -Willi heave* and flower*, in the third year 
'» ftratam i* eftabMbod, which altrads the daft and the heads 

which 
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Unwind of bwbvtfHfcli iteifctofb ^feeC^fofceiWf 
that they (all to the bottom. They then beeomt^ <Bidit>itated 

’•' ttttfr; ind bf fwcefl^fcpetM^ 

tWnch Becomes fllletf up 1 tri the coo rfe of3(y yeatrt jHjdW'fevfct. 
Ibrs turf would probably require lOOybsfri befote 'tt' WddJ 
equal the ancieritlurf. > 

* 5 hrcc rpcckj of Although this turf it always the Tame in itsTtonflita^nt j&rts, 
**• > ff neverthelefs differs in having thefe parts vairiooffy iOirdd, 

Which occafions its being divided into three (pecies. Tfifc 
xft The (urf*cc firft comprehends the Jiirface turf, and is the mo ft common 
***£ kftid ; it is found almoft every where ; Bilt it Contains in iome 

places more combuftible matter, which makes its'ccrtdnr'vkrjr. 
Toond wherever ‘J'his fpecies is always fure to be found wherever places* aite 
ilildu SSt? difeovered where the water ftagnates, whether on plains, efo- 
with weeds, vations, or declivities, in fiich a manner as to form a thick 
blueifli cruft, and depofits a yellow mud ; or where' the foflfs 
covered with mofs, reed?, rufhes, or ridges; and if at the 
fame time the feel of the paflenger finks into the loofe Tod; ff 
nd whine tree* th* earth bends beneath his feet; if trees are perceived (which 
co T d wich^ are commonly little pines or fir trees, or fometimes other krh^s 
up-rooted by the l rees i) ebuered with much mofs, inclined to one ficte, arid 
wind* half rooted up at the other by the wind ; in all thefe plates totf 

will be found near the furfoce, and it is only rtfcceflkry to L re- 
move the fod to perceive it. But this operation may be per- 
formed ttioVc quickly and eafily with the Englifk borer, which 
afifo witl Ihew the depth of the bed. 

To procure it To procure the turf, the water fliould be drained off, wbidi 
;rt»w«tor fcoM k cafy to do if the country is elevated of has Vataeyi in ith vi- 
4 * dnify ; but the operation is more difficult when the edrtfa b 

* level. As perfons arc not always to be found capable bf tail- 
ing the Tevels of ground, the places (boa Id be remarked where 
the water fettled in fpring when the (now melts ; thefe places 
Safy method of should be marked by flakes, and afterwards the trenches ftieuld 
d£ be made to paft this way which are to be dug, to let the whter 

feent for tht ,,/y . k 

; * run oft. 

Method bf pre- To cut the turf an ironfpade is ufed, which Oioald be rtej- 
.p*ing the for- ther rouad; noh pointed* but terminating in a ftraight 1in£; 
acs tmt ‘tHfa fhquld be forte Wed down as far forwards as poffible, along 
nbe fidd of a (fetched Cord, by a line 14 inches long' and fir 
broad; the ddtatiiedpatt is fepam ted from tbO depth of three 

inches 
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iy&frt theXpade, lo thaJeugU^f, l^Jpp)^ 

W 4| ioc^ >«^4# f wd '/bit pioec,of tof-j* afterward dj* 

* idedm t wo# ., v , r . w , r . 

vr In order that ibe pieces of turf may dry quickly » they (hook] Method of dry- 
beplaced on planks aotf difppfed fo that the air might freqly wg * u 
circulate between them, and that they i could receive, the ray a of 
the fun. , . ^ 

. When thoiurf is ibm dried to a certain, degree, it is placed Should p ot bg^ 

* tinder (beds to compleat the dryings for if it. was expofed to 

the fun till it was entirely dry, it would lofeits ftrength and 
.burn like ftraw. : * 

It is alfo disadvantageous . to cut a large provifion of it for or kept too 
maqy years, for the lad made is al ways the ieft. The upper ud kwe 
and lower Jbeds are alfo obferved to, be of inferior quality 4o beds of it the^ 
thofe in the noidll; tlte bed turf is that of a brown colour ia-BetU^ dark 
dining to black, is heavy, and its texture is traverfpd by a brown and . 
froaU quantity of roots ; this kind produces a flrong and, lading hcavy * 

* fire, and its fmell io very fupportable. The more it is of. a Bright brown or 
bright brown colour, the greater number of roots in it, and the rcdJlfll worie * 
lighter it is, the worfeis its quality. This fort confumes mQrp 

fpeedily, and may ferve to advantage where a quick fire j* ! 

Wanted^ its odour, it is true, is .very difagreeable, but itsafbes '* & 
axe excellent. ^ 

The torf which inclines to a grey or yellow colour, at)d f* ny £ ytlhw 
which is mixed with reed, is always the word fort, but always * 
good enough to heat kilns or ovens, and its alhes are good,; 
this fpecies is feldora found below the depth of two ells ; it is 
reproduced after feveral years. 

The fecood fpecies of turf is the crumbling turf (tnodcr-torf), Second fpteks, 
this kind is found more abundantly in Holland; its cutting and ^•. cru, »Mipg 
preparation require much more pains than the furface turf. . 


- The third fpecies, or the mountain turf, is dug up from pits Third’ fpedet, 
and. galleries, and is reduced to regular forms like the preced- die nxmatam 
iog, Lind, - • . >. . tur . 

, It i$ qbjefted to lb ufe of li)rf that it cannot be employed Wood not p*, 
as a fubftuute for wood in all the places where wood is burned; *“ 

bid i^flfpuld npt bp forg^leq that, wpod itXelf isnotfiffbr every xhMn 
Wflrft jwbqrje fire is requ^d - r that in order to he employed jn 
/ouqderies it piuil be whkmfKU troupe,} and with a 

.lofs pf two thirds ,of its weight, and that wood as well as iM$ 
is of different qualities ag^produces. different effeds*. 

' "" Turf 
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Twenty be ; V Thwfsii *lfo fofceptlble -of (ttnelioratiofc, efpec&lj «b© fa* 
'” t V J tarf, the crumbling turf, «nd the reowittt^ turf4ikewlfe; 

-o fc:. v for it may be reduced to charcoal, and wll thus feffdfor 
^ t i work which requires fire; and in this cafe it yield s neither ffifrell 
nor fmoke. The more ftrongly the turf |* compretTed before 
its carbonization, the more excellent is the chareoal. D »o n ^ 


Advantage* 
from the u(e of 
turf* 


Tocompenfate for the inferiority of turf to wood, granting 
that it is inferior, its ufe will prevent the great price which 
' will other wile neceflarrly be paid hereafter fortimber for build- 
ing, and will admit of the woodlands being proportionally re- 


Cabbages^&cj duced ; the places aifo where the furface turf has been dog op, 
where Vhas ^ ** has not been from too great a depth, may ferve for fit o- 

been extracted, ations wherein to plant cabbages, beets, and madder, or they 
Its ufe admits of will ferve tor fifli ponds. The ufe of turf will admit of die 
manufactories multiplication of manufactories which ufe fire, of mines and 
where fire is forges; aged perfons and children may be employed in pre- 
paring it ; its afhes form a good manure, and the mould which 
4alk tore tomay eafi ly*bo converted' into - j'iuo* 


!*' *ii\> oi 

», ! raM ir 
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1 jiin sdT 

Experiment* on the remarkable Effedt wkiek irit pL** jmJ± 
, Jy Qluinge in fair, Habitudes, or fit&iyt, 4 U * * H * * 1 , 

■VrffP wrofop comprejfed. fy T>“T*V !*- ' WffP mtffW. 

* Jp^UUer. fipm the Jpl/tpr, : • , . -j. jk'jD a-,rd 

- ‘ i i ■ i '> l • df.fl 

. , . To Mr. NICHOLSON. ,,. . n , c WSVil 

' J ' " Devoiifliite SlirUii 

sm, Dec. 

Y ...» • ^ - v 4 rrtunL*noo rnrit bns 

U.|T wnsney intention to have -poftpoited 'trMMttog%4b*Hlk 
too falltiwing «z7>er*Mdnu «p«i tbe toa ft: < fa*l «i tf j i fc ylg u BM . 
- until IAnd brought thwn -to n greator deg»e» dflpdfk . QSm 1 -, 
4n*. b*irg iofwmed- that feverth o£A4ity 
•«•»» of wbicM b»- rgnomrtt, af>d^iob*bty4W fogtfw M B 
ftrtc, A«»nd time WpKJtho prtfs, dnffttrtMr 
-unpwper. If tfcen jrott tktoM <blPft»fent^con«B* fa iiAUa> 
pfe** lit J*ur- mtfltfefiteg'iJiWrMJl' IT-tt tlw l wyn i i 

• '*' v )v> li' uri ni torintfc 

* qptuaj - i* r • >> j| 


Digitized by Google 





4C9 

or It hac( k>ng ago occurred tome, that the various affinities His fu%ickm 
which take place among the gafes under the common prefliire 
of the atraofphere, would undergo confiderable alteration by wou ldbe 
the influence of condensation ; and live fuccefs attending the changed by 
-violent method adopted by the French chemifls, which vio- C ° mprcffion ’ 
Jence did not appear to me requilite, afforded additional en- 
couragement to my undertaking fome experiments upon the 
fubjeft. 

I communicated this to the late chemical operator in the 
Royal Inftilution, a gentleman eminently converfant in the 
fcience, and with whom I was then engaged in a feries of 
experiments : he not only approved of my delign, but feemed 
to think it not improbable that an extenflve held might thus 
be opened to future difeoveries. Whether thefe opinions are 
juftly founded, is now left for you, Sir, and the public to 
•- • r > . -- 

,1a entering upon a field entirely new, obfadps , were- of Difficulties of* 
coiirfe to be expefoed: nor without reafpa; for though. I had the undertaking 
applied to one of the mod eminent philofophical inftrumenU mftru " 

Tffl&keTs in London, Mr. Cuthbertfon, yet I began to fe*r, 
even at the. outfet, that his (kill would be fet at defiance. 

The firft inftruments which he made for the prefent porpofe Condenfing- 
^wei«, a brafs condenfing-pump, with a lateral fpHng* for punp* 

»the adtoiKon of the gas by means of (lop-cock and bladder; 
two peaf-fiMTped receivers, one of metal of the capacity of Receivers* 
feveq qubio inches, and another of gta(k of about three and a 
half : thefe wqre connected by a brafs (lop-cock, having a 
fcrew at each end. The metallic receiver was foon found to v ar Soui ofajec. ] 
be of v litt|p or no utility, as welj on account of its liability to** 001 * 
be aded upon by ibe generated adds ; its being too capacious, 
and thus consuming too large a quantity of gas : as becaufo, 
though ^he refolt of an experiment might thus be known, yet 
the changes wbkb the fubje&s might undergo would necoL 
focSyi: efet^pO) ebfofvation. The glafs receiver obviated -all 
^efor<ySoultief, L ancione oriwo impeded experiment* went 
with u; bat the (lop-cock fpeedily foiled in its 
‘.l^r ,tbe power qf the completed gafes was fo great, 
lOfofticity, and partly (where affinilip.t}ad 
ifRfmtfri) fen* cpcrofive qpality* as abfoktfdy b wowa 
channel in the metal of s^hich the plug was made* «ft<L4bip 
jj Vol . XU.— Supplement. 3 b te 
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Gluts receiver. 


Siphon gage. 


m APFINITM* OF COU*$U$ZP 

to thw dcupe. 9*t *101 4® trmibldrppou faulted** 
with the' obffaclep that occurred, and irtidl'Wft gaeilkmeAl 
qnly* to prevent ooBecefery Oxpence toothers) l bavedtial^ 

' by Mr. CuthbertfonN uffiftance, procured *■ ^rcotih^tf *g*4ubd| 
to which a fpring-valve is adapted that has hitherto anfwered 
' every purpofe. See Plate XIWl Ftff. 2, 3, 4, 5, 6. 
jfidxeyneiat ' The inftruments which I now ufe, *fe, J 
iK^ded by the {yringe ; 2d. A condenfing-pump* with two feletei iprifightfaf 
Pump* different gafes; 3d. The conceding fpring-valve ? andlaftly* 

glafs receivers, which fitoeld have been if various fiset* bat 
' the one mentioned above hpviftg* burff, that which J have 

principally ufed in tbe following experiments, is of about file 
cubic inches end a quarter in capacity* * and made of giafeweU 
annealed and a quarter of an inch in thick nefi^ BelWea thefe 
in ft ru meets, I have occafianally applied Mr* Cuthbtrtfon^s 
double fyphon-gage (See Fig. 6 ) M by which the number o€ 
atmofpheres condenfed in the receiver, or ratbeCffte elafttc 
power of the gafes, may be meafured ; bat this & Ffcnderod 
of lefs ferviee, becaufe a 11 op-cock muff then be placed be- 
tween (he receiver and fpring-valve, which frequently impairs 
the Whole experiment ; and alfo becaufe, offer a Ccrtatodfe* 
gree of condensation, and mote particularly upon the admix- 
ture of the gafes, new affinities ttfflally take place, which lend 
to diminifti the elafticity : the greateft number of ateOfpfeferes 
•- my gage has yet meafured, it eighteen. Thefe, Sif, frith 
tome bladders and ftop-cocks, various irom fotw-kcysj add * 
wooden guard for tbe legs in cafe of borfting, cofiffitnte the 
* principal part of the reqdiiiie apparatus. 

b now proceed t6 the experiments, premising that tbetfwft 
four were made with the imperfect apparatus when tbegaa 
was continually making its efeape through the fop-cock* : - 

' I * [v « \ 

Experiment I# , r . , ^ 

Exp. i. Hidro- Into -the glafs receiver^ of three cubic -inched and- UiM|f 
gen, oxigen, capacity, were com preffud in 'the following order rHidrogen* 
gave and tw® (wine) pints ; oxigen, t wd pints ; nitrogen, rtwo'ptstafff 
probably nitrous Therefult was, water, which bedewed the infide Of tbs^re*- 
ceiver f white Boating vapours (probably the gafeous oxid# 

5 ? ' * . ’ ‘vTl .V * 

• Thefe gafes therefore occupied about five times the capacity 
they were condenfed into.-— N, t kt 

v «‘ 1 of 


Eighteen at- 

molpbfix^, 

■cwpprtflioiu 


acid* 


Digitized by 


Google 



ATttnlTttS Vtr btrKPKESSID CTAtit. 

•f bUrbufii) i "and an add avkl^h reddened 4itrttuS i |y»t>«r. "Mf. 

&gcum waspfefent at this ex peri men f, and from his opinion; 
aawdi at from focceeding experiments, I hate reafon to think 
that this acid is the nitric* 

Experiment II. 

As a difference of arrangement in the order of the gafes Exp. *• The 
tends considerably to vary the refuJf, I repeated the former 
experiment (having fir ft poured a little lime* water into the 
receiver) by inje&ing firft the oxigen, shout three pints, then 
equal quantities of bidrogen ar.d nitrogen. Much of this gas 
efcaped, owing to the imperfection of the inftrument; but 
vijKftr the aflbflon of the 1 nitrogen, the white vapours again 
appeared fa the receiver; water feemed fikewife tobe 
formed; and- fome yello# particles werC feen floating up 6 & - ' L 

ttie hww-water. Thefe particles probably arofe from the re- 
'finous fitbA&nce, ufed in fattening On the cap'Of the received, 
feeing diffolved by tHe nitrous gas formed during cbhdenfatiorf. 

■* f vrotrfd jaft obferve, that the magnet firmed to be aflbCled 
during this experiment ; but as there is iron ufed in the nftt- 
diiite, ‘this may be otherwlfe accounted for. 

Experiment III. 

- ^IVo pints of carbonic acid, and two of hidrogen, were Exp. 3 . Ctrha- 
fubjeCted tocondenfation. The refult was, a watery vapour. 

aid a gas of rather offehfive fmeil. tad • changed 

n ’ • * - gas. 

Experiment IV. * - 

*'Tryinjg to inflame phofphorus by the condenfation of at* Exp. 4. Thof- 
YfcOlpheriO air, thfe bottom of the machine (where it had been ctn * 

repaired) burft out with an explofion. This happened wheh 
I had immCrfed the apparatus in water to difeover where the 
air efcaped. The receiver was full of the fumes of the phoG» 
fdiqrnsj which was itfelf difperfed in the veflel of water* 
t afterwards repeated this experiment with the more perfeft 
Apparatus, but L could hot inflame the phofphorus, and the 
fame* which 'arofe at firft foyn disappeared. There was juft* 
deaugh acid (probably phofphoric) focmed oo thc inflde of 
the receiver to tinge litmus. ^ 

Bbft ; 'Experiment 


m 

T 1 * T 
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AtonftTtis op ^tDcvftistc^ ? tiwm* 


K r'Aa-j ' ' •,, 'Btp&ma* V. >V. 7 ^»t 'v^v* 

tap* 5. R«pt- ^ ^Vinj^bW'die fpiring-Valvci inA of fr*6 

cuitb ffibhds arid a half 'capacity *, ! pots red’ tn fW6* ftru}d& 
pancot* of fo!u (ion of potafh, and then injected fiMptntsbT r fid fogetf,* 

two of nitrogen, and three of oxigen. Thix quality #aa 
hardly fufficient for the capacity of the rebmer, indtfte re* 
fult Was only a (raefl of the gafeous oxide of " niirogeo. k few 
yelfoWIrh fume«; and fcarce enough acidity to^m^ ’&eedgfe 
of the left paper: of courfe, I could not cffeCHhe fbrinitidi 
of nitrate of potato. 

Experiment VI, 1 

* 4 * NStro- I now determined to begin with the nitrogen* which 
tb^ Mrogen ways appeared tome to undergo the mod important chemical 
changes and therefore i njeded two pints of nitrogen, three 
of oxigen, and two of hidrogen. Upon the condenfalkm of 
the nitrogen, it fyeedily attained an enangw-red colour, which 
opoo the acceffion of the oxigen, gradually drannitoed, and 
at length ditappeared, though at faft it feemedmfhcr do e pmk 
A moift vapour, coating the infide of the receiver* arefenfjefc 
the com preffion of the hy dr ogen , which moiflure was flrongly 
acid to the tide, coloured Htmas, and, when very much di« 
luted arith water, aded upon dfeer* r 4 

Experiment. VII. ( n£f l 

' v. .'\Ji r*!i,rrj31 *. 

Nearly the fame as the lad, bpt witb differentarrangempntr; 

tame, but dific- The nitrogen, three pints and a half, was irff iqtroquceo^ 
rent arrange* then v the oxigen, two pints} and next the oxigen, three ^nd( 
a half. The nitrogen formed the orange-red 90I o ji jas befofe; 
the hidrogen produced white clouds at firll ammonia ^ 


lip. Tha 


which afterwards difappeared, and the orange*red ctipur fee. 
came lighter; but upon the affuiion of the oxigen, jjie colouf 
did not difappear as in the lad experiment,, byt, 
became darker. 1 then injected two pints mofe cf^lrqgeij, 
but this had little or no efieft upon the colour. v $yjpi^yjip^ur 
w^s generated, which was, as ufual, ftrqngfy 

* f ; ‘ '■ Experiment VHI. ’ J l£TKj} ^ djf{t ‘ w fc »' 

u 8, Nitro- ** Previous to (he "buttling pf the fmall rbceiife^ 

over lime- it % fcruple of lipe, and condenfed upon it three pin$ n 6 

*r m • ■ > . - ' " 1 > ■ I , c • i 

I : u * One filth part of a pint very netriyr^^r ^ , ; 

nitrogen. 


I*p 

gen 

water* 
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nitrogen. The refult was, a link reddifh colour at Grfl, 
which fopn vanUhed. Upon repeating this ^^xpq^incnt^p^he ^ 

large receiver, I could predoce^no colour at all. J.n my - q*i v. m • 
fent_ (Ute of knowledge I am Doable to account, for this CHK \ r !’** v 

cum fiance j but a^ foonas I get my new receiver? of a linages: 
capa rily, l mean to repeat the experiment. / . r 

v Befides the above, I have made various other experiments 
with different gafes, but 1 think it riglit to repeal them with 
grater accuracy beforei fubmti them to the eye of the publip ; 
if upon that repetition they appear to me to be attended with 
refults of fufheient importance to occupy a place in your 
Journal, I will take tbe liberty of communicating them to \ ou, 
arid ana. Sir, x ' / t \ - ' 

Your moil obedient (ervant, : ‘ 1 

THO. NOFLTHMOItE; 

H P» $. I think it neOeffary to add, that during the court* 
erthe‘sbove-inentJoned experiments, there was a gro&ivariu- 
tkm of temperature in the atmefphere, from the heat of 7 Q 
degrees of Fahrenheit to the cold of 35. 


- c ■ Expknaikm qf the Figures, by Mr . Cuthbertfotu 
Fig. 2, 3, 4, 5. Plate XIV. reprefents feflions of tbe fe* Defcriptfwi t£ a 
veral parts of the fpring-walve for the cpndenfing fy ringe ; a is ° 811 " 

a female ferew, intended to receive the male at the end of 
rfe fyrmge ; b is a fquare, to which is a key to (crew it per- * ' r 

fe&Iy light to the fyringe : d, Fig. 3. is a female ferew fiQed 
fo (he male c; e is a male ferew fitted to the female of the 
glafs receiver ; Fig. 4. is a round fleet arbor, turned with a 
conical part and flat (boulder at a; a b is a fpiral fpring; Fig. 

5. is a hollow brafs cylinder Serving as a cover and guide Ip 
Fig. 4 ; the pkee Fig. 2. has a itnall hole drilled through the 
center, and turned out at tbeend c, fo as to All the cone a , Fig. 

4 ; Fig. 3. is turned out at f to wide as to receive Fig. 5. J 
IF the plane (bank of 4 be put into the hole a c till its 
cone (hut clofe into the hollow cone ate, Fig. 2. and the other^ 
end with the fpiral, cosrqpo} by Fig ,5^ fere wed tight upon the 
flat <^nd pf c, and ^ fee fcrewed to c, all the joints be^ig 
projjprly fupp)I<jd with oik and leathers, it is fbted lor ufe. ^ # 

Fig. b. Represents a ieflioh of the cohdenGng cir double ^ 
fyphon gagt|-bdmg • gfafa rtabe bent iritotftfe form of thq 

figures. 
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%ures, (he, end a is mounted wjlh.e broji 
Inole through it correfpohding with the infide of lhetabe, thk 
leg b c is filled with mercury, and 4 i* ^metrically fealcrt : 
d c is divided into alraofpheres, j i • . . . 


XL 

' Adeouni qf «- Grephomctcr far mcajhrhig'lhc Angler cf CtyftaU 

In a better from Mr. Robert B*i*ck* ; , No. 4!t, Strand. 

To Mr. NICHOLSON. 

SIR, — 

C c Tt ^J ldva ^ ag€ I NEED not point out to you, and to the learned readers 

of diftmgu.flung f , J t . 

mineral* by their o* your Journal, how great the advantage will be, wbeneyer 

A^urc. ^ the fame may he realized, of diftinguilhing fubjeqls of, the 
mineral kingdom by their external appearance. Thi^ has 
long been done, with coniiderable precifion* by operative 
men who have acquired their lkill from continued pr^ic^ 
but without being able to communicate the knowledge t^ey 
polfefs by any fun pie indications, Each as might be given jo 
writing, or through the medium of the prefr. Neither need 
T on this occafion point out how much we are indebted to the 
CfyftaJlography. labours of Bergman, Rom<£ de PIfle, and above all, Hauj^ 
/ Tbr fcientific inveftigations of the forms of crystals, vyhicb 
at prefent bid fair to afford us criterions of the moll ex ten five 
uf<r. My prefent object is lo communicate what I fi ope will 
„ l>e thought one ftep, however fmall, towards facilitating the 
Orangcao's admeafurement of their angles. In your firft vol. at page 132, 
cry£uT eter ^ J° u ^ a ' <e E} ven an account of the graphometer of Carangeau, 
Which is now confiderably known and efteemed. I have 
, rendered that inftrument fomewhat cheaper, and ealier in the 
execution, and more correft in its ufe. For the fake of thofe 
• who may not havfc that volume at hand, I (hall briefly (late, 

that the inftrument confifts of a femi-circle, like lhatw&ch 
1 am about to deferibe, and a pair of compaffes or legs having 
their centre in the centre of the femi-circle, but capable of 
having their points drawn back, fo as to admit of their ap- 
plication to any fmall cry dais. The arc of the femi-circle h 

divided 
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divided intolwo qe^dranlj.by an hin^§, fo that jpne part tosy 
be turned back dut'OfHhe Way of any niinerAl; *mtch may 
require to be brought up towards the centre for admeafure* 
mept^ and the faqne arc can afterwards be reftorei to its 
place, in order 10 (hew the degree and fraction of the anglf. 

^ In my improved in ftrument I avoid this joint, and obtain Improved gra- 
a much firmer framing by making my arc in the form or a f«nu.cii<j£ is 
prolra6Lor> as in Fig. i. Plate XV. having an hollow centre at entire, and the 
A* and a ftud «t 3, both, lying ia ilia di«diion of 
diameter which ^ra^kiates the graduations. The coropaHes,4eparate)y for 
or radii, or legs,, are thewn in Fig. 2. feparate from the arc. 

Their centre C is made bke tfiofe of the common proportional applied to the 
compares, and admits of the legs C D, C F being confides ^ , i c j J rc ^ or 
ably lengthened or Shortened when the two pieces are applied rc n * 
to each other, 0 E the fixed leg is represented as beneath 
F G the moveable leg or radiu|, and the lower end of the 
centre pin is made to fit the hole A precifely* at the fofne 
time that the ftud at B being admitted into the long perfora* 
tion towards E, the piece DE becomes fieadily attached to 
the fCmtrcjrcJe, as ts feen in Fig. 3. j 

The ufe is obvious. The cryftal rouft be moored by thf 
detached compalTes as in Fig. 2, which are much more handy 
for all defer iptions of minerals than Carangeau’s entire in* 
ftrumetit ; and when thus fet, if fig, 2 bo applied to fig 4 
as before di reded, the angle will be read of ait the fiducial 
edge of G. 

I hope you and your readers will confiejer this as the ufefiil 
Amplification of a valuable instrument, and fhall be happy to 
receive your fan&ion by its appearing in a work fo generally 
kttown*and efteemed as your Journal. 

I am. Sir, 


>V. b l *Q 5 ' 


Your obedient Servant, 

ROBERT BANCKS. 
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ACCOUNT OF NEW BOOKS, Xc. 

Philojbphical TranJhQiotu qf the Royut Society of London for 
1805. Port II. Quarto 353 pagct, with an Index, and Sir 
Plates. Nicoll. 

SSC* T™ part contains the following communications, I # 
the Royal Abflra£l of Obfervalrons on a Diurnal V ariation of the Baro- 

5gcict J* meter between the Tropics. By J. Horfburgh, Efq. 2. 

Concerning the Difference in the Magnetic Needle, on board 
the Inveftigator, anting from an Alteration in the Direction 
of the Ship’s Head. By Matthew Flinders, Efq. Commander 
of his Majefty’s Ship, Inveftigator. 3. The Phyfiology of 
the Stapes, one of the Bones of the Organ of Hearing ;• 
deduced from a comparative View of its Stru&ure, and Ufes 
m different Animals. By Anthony Carlitle, Efq. F. R. S. 
4. On an Artificial Subfiance which pofTefles the principal ’ 
Character! flic Properties of Tannin. By Charles Hatchett/ 
Efq. F. R. S. 5. The Cafe of a full grown Woman in whom 
the Ovaria were deficient. By Mr. Charles Pears, F. L. S.’ 
6. A Defcription of Malformation in the Heart of an Infant. 
By Mr. Hugh Chudleigb Standart. 7. On a Method of ana- 
lyxing Stones containing fixed Alkali, by Means of the Boracic 
Acid. By Humphry Davy, Efq. F. R. S. 8. On the Direc- 
tion and Velocity of' the Motion of the Sutumd Solar Syftero.; 
By William Herfchel, L. L. D* F. R. S. 9. On the re- 4 
production of Buds. By Thomav Andrew Knight, Efq. 
F. R. S. 10. Some Account of Two Mummies of the 
Egyptian Ibis, one of which was in a remarkable perfe& 
State. By John Pearfon, Efq. F. R. S. 1 1 . Observations 
on the lingular Figure of the Planet Saturn. By William 
Herfchel, L. L. D. F. R. S. l2. On the Magnetic At- 
traction of Oxides of Iron. By Timothy Lane, Efq. F. R. S. 

13. Additional Experiments and Remarks on an Artificial 
Subfiance, which poflefles the principal Chara&eriftic Pro. 
perties of Tannin. By Charles Hatchett, Efq. F. R. S. 

14. On the Difeovery of Palladium, with Obfervations ou 

other Subftances found wjth Platina. By William Hyde 
Wollafton, M. D. F. R, $. 15. Experiments on a Mineral 

Subfiance, formerly fuppofed to be Zeolite, with feme Re- 
marks oh Two Species of Uran-glimmer* By the Rev- 
William Gregor. 

5 Tranjhttien. 
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itranjh&um qf the Royal Society qf Edinburgh (being the Con- 
tinmdion of Part //. together with Part 111* qf the Fifth cietytf I4u>» 
Volume) Edinburgh Quarto 100 pages Continuation qf Partbnrfr* ' 

If, and 126 Pages, Part 111* No Plates* 

THE beads of memoirs and communications made io the 
Society fioce their laft publication are difquifitions on the > 
origin and radical fenfe of the Greek prepofitions, by Mr. • 

James Bonar, and experiments on the contra&ion of water . 
by heat, by Dr. Thomas Charles Hope. Thefe two papers 
of which the latter is inserted in our Supplement, complete 
the fecond part ; and the third part contains the biftory of the 
Society confiding of the following articles. 1. Of the Diurnal 
Variations of the Barometer, by Mr. Playfair. 2. Aurora 
Borealis obferved in Day-Light, by the Rev. D. Patrick 
Graham. 3. Phenomenon of Two Rain-Bows interfering 
one another, by Mr. Playfair. 4. On the Combuftkra of ^ 

the Diamond, by Sir George Mackenzie, Bart. 5 * Remarks 
on the Bafalts of the Coaft of Antrim, by the Rev. Dr. 
Richardion. 6. Rule for reducing a Square Root by a con* 
tinned Fra&ion, by James Ivory, Efq. 7. Singular Variety 
of Hernia, by Mr. Ruftel. 8. Concerning the Cbartreufe 
Of Perth, by the Abbd Mann. 9* Explanation of the Old 
Word Skull or Skoll, by the Rev. Dr. Jaqoiefon. 10. Bio* 
graphical Account of the late Dr. James Hutton, by Mr. 

Playfair. 11. Minutes of the Life and Character of Dr. 

Jofeph Black, by Dr. Fergufon. J2. Appendix Lift of 
Members elected fince the Pabiication of the laft Volume* 

13. Lift of Donations. 


Academical Inftitutions in America* 

. THREE Inftitutions for the promotion of Natural Phy* 
lofophy and the Arts, having been eftabliflied in the united 
Rates of America, not many months ago, of which ao. notice 
bas hitherto appeared in this work, it is hoped the following 
account of them will not be unacceptable. 

The firft is an Academy of the Fine Arts, of which the 
Rrft idea is due to Mr. Livingfton : The public were fo 
fenfible of its iroportanee, that long before the arrival of the 
Voi. XII.— St FFLIMSNT. Cc pltiftcc 
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plaifier of Paris cafts, which he prefcnled to the infant . 
Society, the Dumber of fubfcribcrs, at 25 piafters each, 
amounted to 180. 

The fecond Inftitution is a Botanic Garden in the neigh* 
bourhood of New. York ; as yet but a fmall part of the 
trtsafurts bf the vegetable kingdom are to be feen in it, bet 
the admirers of botahy flatten to fend to it every intereftfog 
plant which is to be found m their vicinity* The charter of 
I ncor p oration of the fubferibers, is entirely conformable to 
the view* of the founders of (his garden of plants, and ac. 
cording to euftom, enfares the permanency of the eflablrfh- 
ment : When the hot honfes are finifbed, it is expeQed, that 
the collection of every thing rare and rioft i&terefting, pro* 
daeed by the fouthern ftates, will be compfeated. 

The third Inttkotion k an agricalturai fociety, elablifbed 
# at Wafcinglbn, under the fpecial protection of government* 
The pmBdeh t of the United States, who is a molt enlightened 
fgrfcultnritt, the chief men of the adminiftratioa, the fena- 
tors, and the deputies of congrefs, are aH membe r s of it 
officially. The fociety being now wealthy from the fums 
granted by government, and the numerous fubferiptions of 
aftbchkte* and coitefpondents, have purchafed an handfome 
booth, and a farm of thirty acres ; they have alio btgah a 
library j and are in pofleffion of the fine cottedioh of ploughs, 
a ad other m ft foments of Agrfculldre, which formerly be* 
longed tt) general Wafhington : the form of itsadhiimftihtfoto, 
the number and the fucceffion of its members, the capital 
whieb it mdy peflefs (fpecified m bdftieh of com)' and Itt 
whole organization is regulated by its charter df incorpora- 
tion; which conftitutes this aflociation a body politic, and 
fixes the perpetuity of its continuation : It is reported, that 
the anfwers which it returned to the numerous queftions 
propofed by the focieties of the dHTerent dates fooq 
after its ettablifhfnent, will form a very mterefting worh 
which wHl foon be publifbedk 

■ ill . ... 
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, Criterion qf Life. 

DU. STkUVE has contrived an apparatus which is men- CrMaa tf 
(Toned in the foreign Journals, but not defcribed. The*^* 
objed of its application, is to (hew by means of galvanifm* 
whether the appearance of death be real; a purpofe fuf* 
ficiently interefting to every human being, who has for * 
moment refleded on the fatisfadion which recovery from 
apparent death mull give to the friends and relatives of thjp 
individual flippofed to be dead ; and on the Hill more inu 
predive and dreadful incident of recovery after burial. Our 
galvanic and anatomical philofophers will find no difficulty in 
applying this powerful agent to fo good a purpofe, in which 
(he learned Dodor has the merit of taking the lead, 

Mr. SESSKEN who has fuccefsfally laboured in the cop- 
flrudion of a reflecting telefcope of thirteen feet focus, has 
lately fupplied the Ofyfervatory at Lilienthal, with two mirrors 
of fifteen feet focus and eleven inches aperture, which prove 
to be excellent, and bear the magnifying power of 200Q 
very well, on the proper objeds, qnd at fixch feafons as are fit 
for making obfervations of this nature, 


Numbering qf Houfes. 

N NEW mode of numbering houfes has lately been*£®^dm«f 
adopted, at Paris, which is attended with much advantage, 
and deferves to be followed in this country. Over each door 
the numbers are painted in large diftind cbaraders, and in 
confpicuous colours; they are generally either brown or 
red, on a yellow ground, furrounded by a blue fquare ; but 
the principal Angularity, which is the objed of this notice, 
is, that all the odd numbers are placed at one fide of the 
ftreet, and the even numbers at the other ; by which means, 
may be feen at once on entering the ftreet, at which fide of 
the way the houfe it, which is fought for; by which much 
time may be faved, not only by its making it unneceflary ever 
tq crofs the ftreet more than once, but alfo by its always 

preventing 
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Jfreventing the trouble of returning bade tgmin on (be oiW 
fide of the ftreet from (hut already pulled, to find a particular 
number, which often happens, where the old method of 
numbering is ufed, from the order of the numbers pr oce e d m y 
regularly down one (ide of the ftreet, add back again in the ' 
sever fed diredion on the other ; and which, when the ftreets 
are very long, as many are in this metropolis, is often at- 
tended with ferious inconvenience ; but in the new method of 
slumbering, this can never occur, as in it the numbers pro- 
ceed in the order of progreffion in the fame direction at bath 
Wes of the ftreet* * t , 3g ^ 
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TO VOL, XIL 


Azote fitccflary ft* the floW 


■ A. 

Aberdeen, u want of a public 

library, and the advantages which might 
be derived from fuch an eftabli Ament, 
267 , 

Aberaethy, 250 
AbforptiOn of water in foils, 85 
Achard, M. on a new mode of obtaining 
fugar from beet-root, 259 
Acids, manufa&ories of, how far pre- 
judicial to the health of the neighbour- 
hood, 126 
Aeroftation, 298 

Air, atmofpheric, new experiments on 
the refpi radon of, 249.— Diminution 
of in the procefs, 251 
Air-pump, on a new conftru&on, 305 
Alligator of North America, turbid Hate 
of, 131 

American animal, called Jagilho, account 
of, 139 

American Indians, on their fuppofed 
Welch origin, 18 1. — Improbabilities 
attending the idea, 187 
Analyfis of meteoric ftones, 3. — Of mu- 
riatic add, 58.— Of ioib, 81. —Of 
porcelain earth, 27/. — Of magnefian 
earth of BaudUTero, 320.— Of fac- 
titious puvzolana, 336 
Animal exertion and mechanic power 
compared, as to their identity, 8 
Antoni, 42 „ 

Aqua-fortis, diftillation of, 127 
Arabic antiquities in Spain, 301 
Arcy, Chevalier de, 41 
Agronomical prize, Lalande’s, 142 
Afcoriomy, ^97 
A&burner, Mr. 17 1 
Attradion of deliquefeent frits, tabic of, 
* 4 * . 

Voi. XIL 


of phosphorus, % 56.— Eipedmenb ft 
defcnhine J»W much h zbftrfkd in the 
procefs of tefpiretbrij *5*^Af*Aks 
m its ties, 253 

B. 

Bail bet, 52 

Balance, variations of, mttbtfd of re? 
gulating, 56 

Bancks, Mr. R. his inftrumeht foi mear 
faring the angles of cryftals, 374 
Banff, in want Of a pbblic library, 268 
Banks, Sir Jofeph, reference to {us pamv 
phlet on the blight in torn, 145 
Barberry buft produ&ive of Night fa 
corn, 145.— Doubt whether this dif* 
eafe affeds the grain, *46, 154 _ 

Bartholomew's Hofpital, le&ures at, 6 t 
Burton, Dr. on the torpid State of t|i6 
North American Alligator, 131 - , T . 

Bar tram, Mr. 132, 194 
BauJiffero, magnefian earth of, 384# 
3*° % 

Baume, 

Beaunier afid Oalloif, experiments made 
by, with Water blowing machines, 4ft 
Bedford, Duke ofi >93 
Beet-root, new method of obtaining fugar 
from, 259 

Bellows applied with the reverber a tory 
furnace in refining iron, 38— Cylin- 
drical of Naitlur, 52 
Bergman, 165, 374 . , 

BeraouilU, Mr. 99 , 

Berthier’s priaes ito fortification, 300 
Berthollet, 1241.249 
Berselius, on Cerite, 105, 108 
Beyer, Mr. 296 
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Bile, os, tty,—: Former opinion* rgfipta- 
iof err on e o us, 4b— 4J«w eqarteH 

^a * c - 

Biot, M. on the fo u rth * of wtttr by 
ineve rt m po riB o n , aw- 

• ■ tMlaf the theoRrtt in the horologium 
of Huygens, 296 

Sk Chide#, 19.— On the ex- 
psngen of water, 34 §* 3 59 # 
phBiug Rocks, improved mode of, 41, 
60.— Danger of the oM method, 6i.«— ; 
Farther otyervacibnt, 171 
Rliffot in com, I45t *49*— Frequently 
saiftaken for font elled grain premature- 
ly reaped, 153 
Bohemian Society, 34 
Bonvoifin, on the Carneen ftone, or Ca- 
choiopg, 3*1 
fcooks, new, 376 
Joffii* 43 * 

Botanic Garden at Copenhagen, 299 
Briton and Watts, 174 
Bounct, 39 
Braie, Mr. 114 

Brajle, Mr. his new procefi for fteeping 
^ heipp, 6 $ 

Breweries, 14,4 

Bmoer, Mr. his drawings of the difeafes 
in corn, ! 4$ 

Brugnatelli, *75 
Buffbn, 114, 119 

Bulbous root', compofition of foils proper 
for, 99. — Blown in water, 308 
Bund a Language, di&iofcary of, 391 
Rotter, proccfs of making, 119. — Purifi- 
cation of By fufion, 2X9 


C. 

Cadet, on the deliquefrence and Bf- 
ftorefeehee of falts, 240 
Canova's fculptural exertions, 301 
Caringrau's giaphometer for cryftals, 374 
Carbon, gafeous oxide of, experiments on 
tbk refpiration of, l$4 
' Carbonate of potj^, bn the formatfop of, 

m 


Carbonic acid, quantity^ pre^j oped ia reC 
pi ration, 234 j , ’ M \\ t ] 

Cafeletu, earth of, 326 p , * 

Caftdjmonte, earth of, 3*4 -rj r i , , 
Catgut manufactories prejudicial to the 
health of the neighbourhood, I2£ ? > 
Celtic words difcovcrablc in the American 
dialedb, 191 * ^ . - 

Cerite, experiments on, 105 
Cerufe, pure and beautiful, 143 _ 

Chaptal, on manufactories injurious to 
health, 122.— ^Reference to hi* etc- 
miftry, 338 , 

Pliarkow, Uaiverfity of, 19$ 

Charts printed by moveable types, 300 
Chenevix, Mr* on artificial tan. 327 
Childs, Mr. his communication re- 
fpe&ing the Welch origin of a tribe 
in North America, 183 
Chimney, draft of, increafod by Sterna, * 
Chinese fire works, 273 
Chromate of lead and fiber, dHfolved in 
nitric acid, 144 

Circle, divifion of an arch of, 226 
Clapham Church, defcrlption of die 
frame-work by which the roof Was 
railed, 176 
Claproth, Jke Klaproth 
Clegg, Mr. his portable Beam- engine, 
*74 

Clofc, Mr* W. his apparatus for raifing 
water, 16.— Qn blafting rocks, 271 
Cobalt, pure, method of obtaining ifc 
158 

Collenbufch, Dr. on Turf, 364 
Colour manufactories, 124 
Colour for marking the heads of pieces of 
cotton or linen in the rough, 206 
Colours, ab ft raft of a memoir on, 142. 

—Theory of, imperfcdl, 12 r 
Compafs for taking bearing* in a chart, 

224 

Condudtihg power of fluids, obfervation* 
and experiments on, 133 
Cooling, experiments bh, 70 
Copenhagen, botanic garden at, 299 
Com, difeafes of, 145.— Connfery names 

•f, 147 

Corneen 
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Corneen Stope, or cacholorig, 32! 
Co'rrefjpondent, a, on the ftate of pro* 
vincia), (Scientific and literary iocietlcs, 
I67 r 

Croune^ Dr. his djfeftvery of the expan* 
'fion of water prior to freesing, 340 
Crow, m American, Anecdotes of, 194 
Cruickfeank, Dr. 59 
Cumberland, G. Efq. on the difeafes of 
corn, x^.— On a project for extend- 
ing roads on an inclined plane, 266 
Curaudeau, M. 274 
Curriers* fpent oil, '220 
Car wen, Mr. on draining lands, 177 
Cuthbertfo'n’s improved air-pump, 3061 

r ib . . 


Dalton i Mr. On Count Rumfofd's ek- 
pwtoent relating to the denfity of water, 
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